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(57) Abstract 

TTie invention discloses a DNA coding for a cold-resistant PFK» a recombinant vector capable of expressing 
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mmm 

mS^^O AT ?\my^\^^ h-X6 U ^7>X7x7-^f^3- 
(EC 2.7.1.11) (KIT. rPFKJ ^3- KtSDNA. .^tl^ 

©«l'^»*^itj!lDt-5C«!:*^^i^>nT(<^So «^Jx.li> •> ^l^^^>'e©^?IJ^^.T' 

<k -o T#ii $ tL> J.O P F K liMJC H 0 fe5Ci:*<|i:<^btLTt,^-SC 
<!:*^e>> MT^cfc^:rsj»$I^S^©^U^MST©IiHli^ PFK©^Lc^Stt 

<DMm^<^^m^^o i>0m^icrm^^ t ^ 5 o it^tfux i^im p f k it 

B=f-0^mi^\t^l^^o t«ia»ftPFK^3- KtTl^Sit{r^*miiL/c 
^affttlti^^l/^ -> 30fPtB> *>'5l^liPFK7>^-tr>XRNA<^:^lS$-ti:1Stl 

M^rt ©^M^ffitt^ffljfij-r s c i {c J; , T . !i^a©if t ^ir L t >»:t ^w-r s 



wo 95/05457 PCT/JP94/01352 

2 

m.mtPFKmi'f-mALmtLxmmmm o 438 2m mmw- 

4 - 3 4 1 1 2 6-t4^$g) *-<*)6o C©^li^{:|et^n/c^BJ-Cli^ 

(Kruger, N. J. (1989)Biocheniical Society Transaction 629th Meeting, London 
Vol.17 760-761) ^#mtn(^. :^JilPFKit^-?-^/<u-< i/gir^AL. m 

D°D mKTf.i^h^yzf) om^ammimKi&Tt^o ^commit, mm'^i^t 

TjgCS:i<!:*-{^t)nTl^'5 (Schallenberger. R.S. etaL.(1959) J. Agric. 
Fd Chem., 7. 274 ) o mm^iS^i^^mt^ ^^'^(DMTtm (VJl::i-X'7 

^ h-x»©ii]!ra*<> j!inx+cii;t©*lE^^i;5±^H«!:#x.t»nTi^5 

(Gray.D and Hughes, J. C. (1978) The Potato Crop (ed. P.M.Harris). Chapmann 
& Hall. London, pp. 504-544) » 

S) ©MT^iJL/c^l^m^^iLTffll^Tl^-So LA^L> fP^fgffl*jSx.-5 
^7t;$l©lQ*<^>^)^ jDXHU{C7'7>^>^^*5t^li'J 3>r^ va^i/^^lf 
J^nsm^L. :^mM^©S7t;igl:^^bUT*^<^>^fflLTl^So Ctib©M 
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it^^tiS P F K©{g^&T-C©^Ll>e«W±^nj:liaT'fe5 (t^x. btiT 
(Dixson, W.L and ap Rees. T. (1980) Phytochem. , 19, 1653; Dixson, 
W.Let al.,(1981) Phytochem:. 20. 969; Pollock. C.J. and ap Rees, T. 
(1975) Phytochem.. 14. 613) o i&i&.BW.^<D^MX'{t. MTtmif' 

PFKKm^-^tiz^m. h6 io{iF6P^x^D-X'&fiS3^-^git-rx^D- 
. x6 'j >m^^mm i&^rspstii^t^) (ec. 2.4.1.14) izun^n6S.jt 

-CfeSo o^*)C®2^^(i«M®F 6P«-oT^^g|#IC^5o UmmU 
h-x®^M«I^S{=^i^'Ci:t^o ciiniiP F K>&^S P S <i:®^'^T]l»). 

F 6P(D:kU^i)mm^mi^^n^tjti)6t^K.ihn6o L>&^t. {Siami 

PFK®i^#Stt3&<^b<f£TL. SPS*^PFK<!:®^'^{rJ^«9. F6P(i)^ 
:^^J;»)fex^'D - x-^fiK^lc^^fi^jtcgitnaAtr J: 9 {i<£ So LT x ^ o - x 
{i§|IWir^>^;b:J'--fef (EC. 3.2.1.26) ®ii^{iJ:oT^';U:3-xi7;U^' 

v-7.\zf£i)wmir^tm^h>tix{.^^o z0j:o\zPFK(Dmm&ritmm-r 

5)S|!^^ffit4®^ii^*^ mK=i§4'{w/<i/'f v3^St®^^^i'3-xi7;i/^ h 
-Xft^ltJn^-tir'SifSt^x.'^nTl^'So -®€^^gftJ?SJ;9lc> Hammond 
1^ (Planta 180.613-616.1990 ) li> xrj-y h 7 > Kf^W^Sm-CfPtB^n^fg; 
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Mft P F K i}<mEt set tTfc«9>:^lt©PFK OMitl^OS^P 
jJ»<M0ic4'® -^^ h-7L4^^^-r'5±^S-C«>SoJtg14*>'^ 

hb. ffiiaifl^p F 3 - K-r -SDN A A<t#t>ntiii^ -en^^<i/'<->3{c 

LMSf ^+ O^l-^^^ ^ S - J; !? ii) 5 c i 36^ T 

©lo^^p- h't^m^mi^ (cDNA. mmm^Rt^WMumm^^t-) 

c;v< u >r 3 ^^i^' Tjft^a»tiP f k $ -i^ s c: <>: s.o2^itfsi^ 

<J: Lta^lfii^P FKitf5-?©miiifwm&U> J-O^^lttlP FK{r#Mfi<)-ca 

tf£t>%. !|iltlS5fe©PFK*3- K-rSDNA<S-||^-rSo t 

fcs ±ia*I^B«©DNA^-t^. ^iiiB»-CE^m©E^J#^2T' 
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-So ^^mi. mmomn^m k 1 4. 2 1x1*2 a-c^^ns 
RifmnBi(oun^m 1 ^j:t^L2 2T'^$n5 7 ^ /mE^ij^^- K-r§ 

D N A ^ -i- 1; D N A 0 1 ^ -rn A> * P C R O 46 © 7" ^ I' V - i L T ffi C ^ T m S 

P F Kit^i^©D N Aig^SE^njIi. ^t«iP F K^Bil-omr^^u -y\t IXM 
ffl-r5®*<l^^jr|iLOftfe^!^S5^©PFKite^<tM^A»). <t«^PFKit15^ 

mmi^x. 7>^-^>xRNA^mu^-^^ij^mi^^^. m<&mm^(DPFK 

igs©ffim4-m 

:^MNo. m© I P T G^ioajcfct^ 5 P FKgtt©^#©^r^^^l:^^1-|i 

T*5o 

0 2 ^-x-m^mi^^ tifz±mm^o. 58^© p f k« 
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/cPFKOSDS-PAGElCck^Mfi-ct'^x^i? 7 hMW^^'^^t 

il 6 li. I^^B 7 5 SO'^^B 4 0 ©If^i^l*^ bOmtttK^^O-^ x X iJ' > 7' 

;^ gIMI- ^ i6 tPfe^ g>ffM 

5/<l/^->3 (Solanum tuberosum L. ) ^ 7-7<U7 (Flaberia brownii) ^ -f 
^> (Oryza sativa) ^ h "i? t u 3 -> (Zea mays) > v x y •> 3. (Raphanus 
sativus) PFK3-KDNAIi> ^ ^ TBW.n^OW.n^^ 2 . 4^ 6. 8. 
1 OT'^^tlST^ y^E^J^^- K-r-So C©J;9^d:DNA(D:Ef4i:^J<!:LT^ 

E^J#-tK 3. 5. 7. 9T'^$tl-5DNA^^IfSC tA^T'^5*<CtLlC||g 
^^nSfe®T'li4n^ (/ifc. SE?iJ#^2. 4. 6. 8. 1 0 ®T = > ^E^iJli 
^^mn^^l. 3. 5s 7. 9lI:^$nTl^ST ^ y^E^lJ<tf^l;T-*5) o 
@E^J#-tK 3. 5s 7. 9T'^^$n'5t)0{ic DNAT-*SA-<. *||Bfl 
CJ:Os iR|!^PFK07i Kt-^DNA0i^^@e?lJ*-«0fl 

i y ^DNA=^mmtLxm^^f^pcRmtj:io. mn^^2. 4. 8. 

1 OX-m^tlZT i ymmn^-=3- Vt^fJ l ^^J^DNA^^^tcWT'SC 
-tlT^^tlSigSSS^^iJ^W-rSDNAjd^n- KtSMPFKlis '^iSi©^*! 

^ o 



wo 95/05457 PCT/JP94/01352 

7 

K »J (SDS) /7xy ->'l/j*^A(»:*^*)'5o Mt:fcikRNA*^t»P FK^j? 
>J (A) + RNA^|#§{rid:. y^:>-t--XmRNAf|M+7 h (DYNAL) 
^A^^ffll^-S- t^^T'^-So C®jiSJIctoTE^PFK^vU (A) + RNA<^ 
m^t^z.t\t^§,'(:U\.^(Oi:. ^f^n/c^J-^'J (A) + RN A^H^^Si LT 
cDNA<^f^fi!cL. ::tl'^>^W1-^»t)ma (c DN A7^7'5 U -) ^f^fiX 
t^:iti)<W.t.[y^^o Gublert Hoffman ©:^^ (Gene, 25:263, 

1983) 2*i|c DNA^'^fi5^L^ 7i5^:/r5' -DN A<£-^LTDNA U 

- -t?- ic J; 0 M ^ 4- ^ ^ - jc ^ -li- > i 4' § u^^^mnn^ ^ ^ s 
cDNA5^7'7'j-*fpg5t-r'5o z.zx'm^6<9 ^ -tbxii. -xm^^^ 

S t> ^ mMBil-^ 7.^ ^ -->yt^K\U ^ < L/ •> 3 SaBrodick ife 
(A) + RNAcl:l9'^fi)c$n^2*|ftcDNA^flJPIi^^Eco RliNotl© 
l!IS5lf|5fi-$-W-r'5 7^7":J'-DNA^/j-LT Agtl07r -v>'<:5':J'-©Eco RI^ 
titcDNA ';;<7'--tflCj;«9^'^^*y=^. 7 r - v'&^^^ff^fi)c$^i:^ cDNA^ 
-r7'7 'J -^-f^Ji£1-tl{fMl.^o 2k(.^T'. C©cDNA^^7'7''j ->{>^bPFK;J? 
U (A) + RNAC*flS-r^cDNAi7o->^|^^-r5o 
PFKcDNA^^'D - >©[^^li> ^MLfc»P F K©^^7 i y ^SBjnj® 

K^:/7'f v-i LlilJ^yV ADN A* 2>(,^lic DNA^IIi!.!: LTd^'J > 7- 
-if'f-x-f (PCR) j:J;-^T±ii|i|L/cPFKitf5i^©i^^Se^ij©-^^W 

•r-5DNA^-/o-7'{CffllN 7°7-^^^-r7*<jy'1'-tr-v' 3 >^(lJ:oTff9 

•> 3^^PFK3- KDNA^WtSJ^M^^^^^l/- 
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hi^Hc J: "^j^N •^Jx.l^Sambrookllo:^?* (Molecular 

Cloning: A Laboratory Manual Second Edition, Cold Spring Harbor Laboratory 
Press, 1989 ) iZ^^) 7 r - i^DN A^WUls $lJPSSllNot 1 Ty^ft 

7ijv-xmmW}^^no:itiz^0s pfk^^- K-rscDNA^it 

^ P F K itfe"? J::^]^^- 6 C <!: *^T' # 6 o 

^-t tri^i^-c ^) o T > mM© p F Kma^ t^^^-f')y^xt^^(o^:fu--:f 

Xli P C R ffi y 7 -f V - <!: U Tffi t ^ S C i: (r J: ^ a ^ Offiti® P F Kil^Ei^^^ 
ttSXtiifilif SCid^TtSo ^1 \Z7r-tT IJVkUn^^- K-rSDNAI±^ 
^{c-fb^^fi^T'^So S7Jc^1-E^J©-9^. E^J(I) > (4) . (ll)^^c;(12) 

{t^it>^. E^im©E^iJ#^ 1 U 1 4^ 2 1 ;&(:>• 2 2) li»®PFK{rJt 
ai1--S>6^^i!|^J!^^i'®^«^®PFKJri±l.bn/il>t>®T*)5o ii!&oT. Ctl^)® 
1 1 II J: ^ . TO^J^S*® P F KA^SAt-S oJtgtS^^gf^L-Cffi 
tlPFK^/^ltiXMil'it-'SCltJ&^TtSo :/D-yt L-C(is 7 lx;*-f- Km 

1 5J&(±. itfe^ffl^fi£iT.®;S^®fe®W* Ll^o 3*7 ^ UtT^ K^-te 

^^c. PCR^®>^7'r-7-,i: LTli. 7 Km 1 5 L 3 0 ® fc®*-« 

C®J;9lcLT^#^>n'SPFKcDNA©fiJffl;^?*<!:LT(±. ^t"^— J:. C 

^W^Wik Um^t© P F Kygtt^lt;^^ tSCiT'fcSo irSlj©fiJffife<»: 
LT. PFKcDNA^iSf^^ir^^'^-lll^AL. ^< b-f -> 3 ^®filM^+ 
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il*^#(fbn-5o -eoflfe. PEG- U >^;<7;U->>i/A^, iU^hD;f>U-'>3 

Tli. t -^^TMoy^^^W^U (BALB/c-3T3^) t>n^o cnt>0 

(Molecular Cloning:A Laboratory Manual/Second Edition, Cold Spring 
Harbor Laboratory Press. 1989 ^) i^'^'f v 7. I 9- 

(pBR322^ pUC3^:^7X^ Kl^) ^ 7 - ^0 ^ - (AgtlOs AgtlK A 
ZAP m fiti}^$)i). mm. m^^mMOK^^ ^-tlXU. t.Wi. (Molecular 
Cloning: A Laboratory Manual/Second Edition, Cold Spring Harbor Laboratory 
Press. 1989 ^) iz^mo^m^^ ^ ^tl^o m^O^i^ ^ -tbX 
lis ji^i5'P-->/(r^iNbns:/7X^ h'^^(D^m<^ ^-'P^<^i-') - 
(pGA482x pBinigi^) /a <i:©T i 7^7 X $ Kft5^0<:J^ ^ -li*^#{f b 
(:5:M:An, G. et al (1986) Plant Physiol. 81. 301; Bevan. M., (1984) 
Nucleic Acids Research 12. 8711 m o {aL> T i Kfi*©1itl'<i^ 

(LBA4404 ^) OT^^nA^7-U'>AJi©^M{r#AL. 

!|^{r^c DN A^^A^S C t*^T^ S CiCit : Komari. T. (1989) Plant 
Science, M. 223; Visser, R.G. F. et al. , (1989) Plant Molecular Biology 
12, 329^) o ^<£*>\ mc*Ji^Tc:nb©M^^DNA^WrsW^Wfi)c-r 
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btl-So '^©^lfe^ PEG- U >^;?7;Uv>i7A^. xl/^' hD;f.b--> 3 

Tli. b v:7 7;^©^ig^#lffll& (BALB/c-3T3^) ii^miht\.ho cn^>© 

'SCM. (Molecular Cloning: A Laboratory Manual/Second Edition, Cold Spring 
Harbor Laboratory Press. 1989 1^) ClStfeO^S:^ 7 X ^ Y^^^- 
(pBR322. ^\f:%-fv7sX Kl^) *Jcta^7 7 - i^^^ rJ' - (AgtlO. AgtlK A 
ZAP 1^) s ^ -t\^X\t. (Molecular 

Cloning: A Laboratory Manual/Second Edition, Cold Spring Harbor Laboratory 
Press. 1989 JrlB^O^S^^ ^J' ^nSo m^o^^^ ^ -tLX 

(pGA482> pBinl9l^) fiE<DT \-fv7.l ^ -Wi^mf ^ 

*lS (Xlt :An, G. et al (1986) Plant Physiol. 81. 301: Bevan, M., (1984) 
Nucleic Acids Research 12. 8711 ^) o fiL. T i = Y^^<Dima^^ 

yxm (LBA4404 ^) OT^D/<^'f y -^AloMtr^AL. :lfm.m^WL^^ 
S 0 ^ li * ;u X t J:^^^$-ii-^z<i:{rj:oT. a^lS 
JfetrMc DN A^^A-rS i:*<T^^ (^tifc : Komari, T. (1989) Plant 
Science, 60. 223; Yisser, R.G. F. et al., (1989) Plant Molecular Biology 
12, 329^) o n£*J> ^ii^irfcl^Tcnb©M^^DNA^W-r5W^Wfi5c-r 
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-cm.^^. ^^mm^'nt s p f Kfsmmn^ 6ztvh?>o 

S^^^lfbtl-So PEG- 'J ^^^^l' xl/^ hD:j?U-->3 

X\U th. v«> Xl^©#S^«*fflllS (BALB/c-3T3^) A^^ffbtl'So cnt>© 

Xiit (Molecular Cloning: A Laboratory Manual/Second Edition, Cold Spring 
Harbor Laboratory Press. 1989 ^) {cEtfe©#a:^7X > ^ - 

(pBR322^ pDC3^:/'7X$ KIP) J;!^^ 7 r - i^^^S' rJ' - (AgtlO. AgtlK A 
ZAP tp) tit'ib^ibO. Mm. WjWMcDK^^-tbXli.. ^XM (Molecular 
Cloning:A Laboratory Manual/Second Edition, Cold Spring Harbor Laboratory 
Press, 1989 m i^simo^U^^ ^ -*^mf i^ti6o 9 - tLX 

(pGA482^ pBinigH) fltOT i-fvXl Y^^(DK^ ^ -mt^mi ^ 
M (Xii:An, G. et al (1986) Plant Physiol. 81. 301; Bevan, M.. (1984) 
Nucleic Acids Research 12. 8711 IP) o L/> T i T'^X = Y^^CDW&i^^ 
^-©^'^«> ^|btl:tM^^DNA4— B.T^D/N'^'-ryi^^A • 7A7r'>x 
>xlp (LBA4404 m) ©7rp^<^xU'i^Al©^M{c^AL. 

^m.mmL$> ^\<^{tti)\^7.t ^^^mm^ x'omyk^'^^z.t\zx-ox. m±w. 

!fef::^c DNA<&^A-rS C (]5:ift : Komari, T. (1989) Plant 

Science. 60. 223; Yisser. R.G. F. et al., (1989) Plant Molecular Biology 

12, 329^) o mmKis\.^xzn^(Dm^z.D'i^h^^^^mw^m^t 
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-^Ai^n-R i/T i -f^xi m^^^mnmm^m^uMf-mu^. 

li*Wt>tl'5o ^©ffe. PEG- 'J >^;^7>'Pv/'>Ai*^ xl/^ hD;i?l/-i/3 

h ■7'yxm(D^mi^mmm (balb/c-3T3^) *^^ff ^nso cti-^)© 

(Molecular Cloning: A Laboratory Manual/Second Edition, Cold Spring 
Harbor Laboratory Press. 1989 ^) Cl£®©#ffly^X = h'^i^ ^- 
(pBR322> pUC ^-fyXl K%) fccfciy^7 r - i^^^' rJ' - (AgtlO^ AgtlK A 
ZAP 1^) /i<i:*<*>0> mi^nmO'^^ i^-tbXli. XW: (Molecular 

Cloning: A Laboratory Manual/Second Edition, Cold Spring Harbor Laboratory 
Press, 1989 H) {cE<fe©^a^:5' ^ -3&^^«:f t>tiSo U^O^i^ ^-tbX 

ii> m^i^v-->vizm^^^ti?>-fyx = Y^^o^m^^ ^ -'^^<^ - 

(pGA482. pBinig^) flt'OTiZf^7.i V^^(DK^ ^ -m*^^if ^ 
tl6 («:An. G. et al (1986) Plant Physiol. 81. 301: Bevan, M., (1984) 
Nucleic Acids Research 12. 8711 1^) o L> T i T'^x ~ Kfi*©ffii^<^ 

>xm (LBA4404 ^) ©7/ov^'^^r'J•>AJiO|fflllC^AU^ 
*<fi!^M^«> 6 (. > li :^ ;U X t J;0]i^$-»i-aci{ictoT. 
sfetr^c DNA<£-#A-rS C ii^-C^S CSCit : Komari. T. (1989) Plant 
Science, 60. 223; Visser, R.G. F. et al., (1989) Plant Molecular Biology 

12, 329^) o -fi^^ *ii^cfci^Tcnb©ffi^x.DNA^wrsw*w^-r 
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li*<#tft>n5o -eoflfe. PEG- 'J >i?*;l'v/'i7Aj*. xl/^ hDf>l/-->3 

t K ■^'^y^^cD^m^mmm (balb/c-3T3^) ^mf^n^o cn^© 

(Molecular Cloning: A Laboratory Manual /Second Edition, Cold Spring 
Harbor Laboratory Press. 1989 ^) lzBW.<D^m-f "7 X I ^- 
(pBR322> pUC Jh-fy7.l KH) *J J;(y^7 r - rJ' - (AgtlO. AgtlK A 
ZAP 1^) /d:^3{)^^)»)^ Wt^mmo^i^ ^ - tbXlt. (Molecular 

Cloning: A Laboratory Manual/Second Edition, Cold Spring Harbor Laboratory 
Press, 1989 ^) (rE<fe©#@'<^ ^ ^>tiSo m<^OKi7^-tbX 

(pGA482. pBinig^) flt'OT i Zf'^X i KS*0<:5' rJ' -^A^^ff t> 
(«:An. G. et al (1986) Plant Physiol. 81, 301: Bevan. M.. (1984) 
Nucleic Acids Research 12. 8711 l|) o -tab. T i ^ Kfi5^fflm<:? 

>7.m (LBA4404 t|) CDT^D^N'^'r y ^/AlC^McitAL. ^M^X-JSt^*^ 

!fe{C^c DNA^^A-rSCid^-C^S (3S:i5 : Komari. T. (1989) Plant 
Science. 60. 223; Yisser, R.G. F. et al., (1989) Plant Molecular Biology 

12, mw> o -fiis. »c*ji^Tcnt>©ii^;tDNA^wrsw*Wfi5c-r 
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6 : ;igtlO cDNA y ^ 7' y ^) -(Dj^^ 

D°aMBrodick ^1©;J?'J (A) + RN A*^t>:t U 3'd T(12-18) ^Zfy^^- 
tlX^^lfz. fe5(,^l4^D°DSRecord®^l^^;l©+°'j (A) + RNA*Nt> 

AgtlO cDNA y ^ -^r^mifZo A gtlOcDNA ^ d - ^ > >y h 

(Amersham) Wiii^nxi,^i^-^7JlKVt'>Xy^-Xy^)-^i^^L 

fZo {B hJr-ttnST^T'^ -(iffil^-r\ Eco Rl/Not 17^7° rJ' - 

(Pharmacia LKB)^^ffl LtZo 

7 :?IML/cPFK©N^lf|J^<^='- K-f^cDNA©^^ 
^IfC^-rT^y^BE^J^^-txtirDNA-^gc^T-^fiicLfcNl 0. N2 0R I 

(^2) #5 0 0 pmo 1 ^:fy^-7-tbX. n° SRecord© / A D N A § 
l^lSBrodick ^4x.'^°'J (A) + RN Afi^©— :/^Mc DNA^-Sr 1 . 0. 0. 
1 fig^mmt bX PCR^^^Tofco mmmitl a q;f>U^ ^--tf (Amprl 
Taq:Perkin-Elmer Cetus) iZ^ii-^tlX\,^?> sl7 JHZ'^':>X^ML 

tZo mmi2. 5U. K(i2 Onmo 1 -Totinx.. M^fi 1 0 0// 

1 X^m^n o /Co 9 4 "C 1 5 0 "C 2 7 2 2 ^©-'il©Ht&<^ 
3 5|i]^^iiLfc©t.7 2*CT1 O^Slt:^#fco Sf&?S©-g|5*5iO. 4%T 
o - X >5f ;um^acl!i TPt^ L «!: C 6 . I ^ -rn © D N A ^ i^M (r L t> *t 

6 oig^*f©pcR^!^*<^it}$n/co ctib^e om.mno^T)NA^fy7,i 

pCRlOOO (Invitrogen) JC^#$^Ti<^'5-7j^i7;l'«oTf-7*^ 
n-^>/uy::o €0|^m^ l^^<©M3^;t7°7X$ K^Wr'S:^!^ or.- 
<&?#/Co C © 9 t.> 6 0^gSJ^©^f A»r>i-^if o 7 n - > (Record cDNA 
5^4^o->> Brodick ADN Afi^3 ^ u-» *^^>^i*^r^^foTy7 X 
^ K^tHiRL/Co cn^7^'P->;{»<Wr5PCR^J^©igggS^J^i;T;i- + i> 
f-x-f>':?- = 4^-V3 Ly::o SEQUENASE Var2 (U. S. Biochemical 

Corp ) mH^nxi.^z^-^TMzvt'^x^mmn'^^^bfzo \ 
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- > -S-l^ ^ fifeo 6 D - > (Record cDNA 4 ^ o - > ^ Brodick y / A 

©2 3igS^DNA'^fijciS-C^fiSU/:t>O^PFK2 3 (^3) <>:^#l:r^ TIE 
(OP CR<D:fy^^-tlXs ^)5t^licDNA5^7'7 'J-OX^ 'J-->/®i^ 

g3 PFK2 3©DNAigSE^J (5' -3' ) 



ATGAAGGTGGTGAAAGGAGATTA 



8 : n^^PFKcDNAom^ 

D^oSRecord^^x.AgtlOcDNA^^'r^ U - (15:^pfu) ^T^U-h^'T 
4r- hj*TltiPMLy;:®^fllSL/cADNA 1. 0 fig^mmtlX. PFK2 3 
i AgtlO©DNAig^E?iJ^itoA 1232 (^4) #10 0 pmo 1 ^:f7>rv- 

iLTPCR^fio/co T--U >^ria^*^6 o'CT*)§.^.^B^^s s.m^mi 
mn^fopcRtmmxhio -eo^^^ o oig^*f®pcR^ti*^t#bn 

Z(DP CRm^^m^<^:fy7.i pCR1000{:-9-7*^ 
Jf A ^ tlT l^ -5 P C R^!^© D N Ail*@E^J^iij{H®:^j*Ct!&o T^^ L /Co 

DNAiEmmm^i^ri jmmn^^m^ifztz^b. -^m^®pfk©7 ^ 

9 : ^^;gPFKcDNA©mSI 

•fyy^l KpPFK01*$lJPI^^Not 1 T^»r LT^^nS*^ 6 0 0^gg*f© 
D N Amfi^tSL^m^TtmrnxW^m U^ C n^^^n - y i UTa^DmBrodick 
illAgtlOcDNA^^rv (*t4 0:^pfu) ^-y^-^^N-TT'UiJ^'I'-tf-i/g 
-->/L/Co ^©^^x 5 7^@®J4^©|^t4r7-:5'*# 
fco ::0 9-^2 4 7'7-:?^fefP3%ir^t;> ±iE^6 O OigS*r©DNA|fr>}-<!: 
PFK2 B'^zfv-yt bX2^X^V --y^^fs-^f^o -5-©^^^ 1 1 d 
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'^mMtlX. tfz^4iZ^Ltz^^DliAXm2isJ:t^Xmi^5 0 pmo 1 

W.^mmxm^Ltz^^^. a D N A©^H5^^l^^,^fc c D N ASrit® '?^©:1$ {4*t/ 
1 7 0 0-2 2 0 OmmMttm-^tifZo mi^O^QO OigS*f©DNAIIfr>f^ 

2000-230 Oit^O'f^U (A) + RN A*-«^iB^n/:o Ctlb© 1 HS© 
AgtlO^^->*^t>$lJPI#IINot 1 ■CTO$tl/cJfADNA»f>T'Sl5^^>^7X^ 
I^X^rJ'- pBruescript SK Il(-) (Stratagene) OpmUM^ot 1 l!fg^^{4ic 
-t^r^5'D-->/L/;M^x.y7 7. = K<^pPFK16x 17. 19. 26. 28. 29. 31. 
32. 33. 34. 35t^«L/:o 
^4 PCR^C^(,^/cAgtlO^*©:/7^v-®DNAi^SSe^J (5'-3') 



A 1 2 3 2 : CTTATGAGTAmcnCCAGGGTA 
A 1 2 3 1 : AGCAACnCAGCCTCGTTAAG 



PPFK32© c DNAJf ASIfit(::ol%T{4ikDNAigSE^J 1 9 7 S^mM^mn^ 

btimmPFKoN^mTi >fmmn (EjnM©E^j#^i^©m3#B©xi/ 

:t->*^t»m2 6#@©n^'>'>*'C (feoi*). f|^PFK©^2 4. 2 5# 

a©7^ yi?i4^nc^t- «fc9{wg^^T§/j:*^o/;) ) <^^ir4 8 57$ 

^iR^n-S 1 4 5 5igS*fA^'a>«:5M^^WUT0^fco it^7 ^ 
ft^/<l/^'->3«PFK;f^';'<>^^ K©N«J:0fe27$ y^±gfElC|i}fe3 

Kruger^ (Arch. Bioichem. Biophys. 267. 690-700- 1988 ) Lfc/<l/-f v 

3^^PFK-d;f^U<:/^ K©^i^fi53+PiJ^;Uh><tl3{5— IfeLfco 1 3 3 
- 1 3 5#i©ATG*^PFK©||J^3 K>T^51lftli. tt. C©ATG© 
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Hlj{C7 U-AO^/A'S^^ih^ K> m^HTGA : 1 5 - 1 7#i. TAA : 
2 6 - 2 8Sg> TGA : 5 5 -5 7#@) *^#^EL. ^SSL/c c DN A© 1 # 
g©igSCj[^HijJwATG*^/C(!:;t#SLTfc^niiPFK®liJ^3 K>tld:<£b 
/j:t^;{>^^>■C^)<5o 3 6- 3 8#g{rATG*^#:a-r5*<> 9 0 - 9 2#g 

«Jh=iK> (TGA) *-5i^l;7U-AT#SU> ::©ATGISPFK©liJfe3 

(MMltzcDNAKzi- K$*lSPFK®i|#14> 
1 0 : P F K itfii^® :^111-C©^m 

#]i L fcitfe^ ^*n^n^: < ^^Stt^^o p F K ^ 3 - K-r S jtfe-?-e* 
-sci^Mi-s^ca^fcii. -e©fi^^<£-^i^ic5i^^-a-Sik:^g*^i)6o "tz 
x\ miiLfcitfE^^Tia©.^; 9 {c:^]lSJr#ALT-E-©^^^li;?^/co 

tt\ -fyXi KpPFK32 2 5 0 n g^iiMi LT^ flJPS^^Eco RK Pst 1 
mim^-etl^n^AL/cPFKS 2iPFK3 2R (g5) #3 Opg^T' 
5 ; s'-t LTPCR^^T-o/Co 7-- U >^^^a^A<3 0. 3 5^feSl^^i4 OX 
T S C <i: . Emm^i)^ 5m'C$>^:.t. DN A^^ / v - -e t bX 
p f uDNA^i^'J y 7--tf (Stratagene) ^^ffl L/iC t^It^. B!JtB©:^Sfe<t 
I^^HSjtS^fi'o/Co PCR^^^O. 8%Tij^-7.YJvmn^W}T^mm. 
i6U©*^1800^gS*f©^<>K*^OffiL. :^}*{:^^^oTDNA^y;^©4'*^^,^lI 
iRLifco c:®*^1800ig«*f©DNA^^jm^Eco RK Pst 1 ■C^SIfm> *JPS^ 
^Eco RK Pst 1 XWUbfz:kmm^'^-:^y 7. i K^^'^- pKK223-2 
(Pharmasia LKB ) Km^^tZo ::®^^:^7X$ K (pKK32 ) ^It^frtito 
■r:*:JlMXL l - B l u e (Biotechniques. 5, 4. 376-378. 1987) tl^A^x 
iJi^^MiJ > ( 5 0 A/ g /m I ) ^^trLuria-Bertani (JK^TL B t 

^t^) m%i^m±. 3 7" cx-m^^if^o ai^t/c^t5[o=iD--ot*^ 

bl 1 Ojg^iiCK. ZfyTsi KpPFK3 2*^bl^JPIS^Not 1 T^Oai^n^ 

*^i2 0 0 o^mMoDN A^}^^tcM^m^7mz2PxmmL. cti^^^o-r 

#/Co ctit»^<u^ ^> 3 PFKiti5^®^A*^'«tli$n/c:^l§®(i. »tl 
PFK<i:liS1i»®S{t:^©M^A§PFKd-«^JaLTftit^SL^/;J6*\ ^ 7 
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■/u\fji^0-D-i-:ttf^^ hif^ J V (OTI PTGilTxI-'S) ImM^^ 

ml) ^-^tr LB^<*:^Jfe4'-C600nin mMm.Z-^.l i:/j:6^T37° CTig 
M^^Lfco PTG (ImM) ^1S\^^ -^ltP^igM^«^IH*^lilJR 

Tabital^©:^rj* (Anal. Biochem. 84. 462-472, 1978) h;Ux 
||^> PFK^&^Kruger^©:^^ (Arch. Bioichem. Biophys. 267. 690-700. 
1988 ) «l^ZllJ^Lfco :^li®No. 5 8^l*> 3 > h d-;U©:^J10N o. 1 
^ (pKK223-2*#A) {wJ:b-^*^7^gigl^PFK?£t^^^Lfc (H 1 ) o 

S5 ^JIS^^Eco RK Pst 1 l!fSg|5ti^#AL/:PCR:/7-Yv-®DNA 
ig^E^^J (5' -3' ) 



P F K 3 2 : TATATAmG GAATTCA TGGCTACTGAG 

Eco Rl 
* * 

P F K 3 2 R : CAAAAGACCCTGCAGCCACACAG 

Pst 1 



-Xmrn^o. 5 8^©^o;f PFKSt4A^mPFK{cS3|El-SO*^. 
^tlt^^m^XLl -B 1 u e©PFKS1i{CS3(5t'5©*^*i|-tS/ca6. ^ 
^?i^^i^<£-Kragerti©:^^ (Arch. Bioichem. Biophys. 267. 690-700. 1988 ) 

PFK^^;#Tli{3<i:^<i:^*^tl^C*^o/c*^ tiL^^Ul' v 3 P FK- ctft^ (;*- 
^ X7 - K:*:^W^SUKruger1f±;&^ ^m^) TliW^f-l^i^ ti/c (0 
- 2) o C®tn:^<lx^-> 3 PFK- cin:<*l±> ^^'P^f •> s P FK - c JiiJf P F K 
-d<»:5^<Sl&L. :^J3iePFKtlSI3ci:^<!:SC&L4H^C<i:*<'>xX^>7'p 
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t£<y<Uy( -yaPFKr^^trnM^tl. •fvT.l K p P F K 3 2 ir Jf A$ 

1 1 : ^<l/'r •>3PFK«»:flfe^tlPFK©7 • /i^E^JOJtl^ 

pPFK3 20Wr'2>^<U-r'>3PFK<^3- K-TS c DN A(?)iiSE3aj*^'^> 
It^LfcT $ JWiW^l^y'-^^-T. (The Swiss Prot data bank (Release 23) 
) i^^ir J:0M©PFK7^ y^E^JtJti^Lfco $S^Ofe5PFK<i:t!t+% 

^> ^IJ^I^^MO^S-^gUfe (Evans. P. R and Hudson. P. J. (1979) Nature. , 279. 
500-504 ) i-ecD^aiaSJrfttLTl^/Co W^^<CtBI^tt^^L/c||^li7 ^ y ^ 
S-t-Cfcck-eQ 8- 3 2 lT*)<9s T Um^m-^l . 3 2 2-4 8 5©N 

Ti^57 ^ >'^T^)S^ct)*^*^t)b•r^<^-r PFK■c^i^s#$nT^^4H^7 

t\t. ^«^PFK*<4*T$St-©fe5PFK<i:liMncS:^it. tSti^^oci^^ 

t/r. It'^lrJi. -/^X^ KS!«bmKM©2am©PFK*<fe-5,i:S-:bnT 
l^5o *^Ba©^<l/^->3PFKcDNAir3- K^nS PFKIi. ^^^J' 
^'!UcJt-<2 7^ (Met. Gly) :St,^N*^^WLTl>S*^ ::©ffiB*^i|tS 

ct o l;;fc^Wr{:: J: 5 ^> ©«ISl^T'^ i;fc^BfJ: ck -5 ©*^^BgT'^ -So 

m^ir?> hy>'Jy h^Zf^ y^^fzt. mmnmVFK^zi- KUTl^5C<!: 
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•> 3 P FK©^^*<5l^.$n/c:^iiMN o. 5 8 t>^< U ^ •> b 

om^^t^^mmiWL (lOOmM Tris-HCl(pH8.0), 2idM MgC12. liM EDTA. HmM 
2-y ;l/;<7:^hx^y-;l., ImM PMSF, l/t/M d-i'/^t'^^, 1;/M 

» cMjsm. immmi^. 50, oooxgT'3 o^r^ii^c^^, ±^^iiiJR 
L/co ttajffiM®?£(r:/';-trD-;i/^i 0% (v/v) mnx^fzmmwih 

-^WMLfZ'>^<iF a>yjU-7iJti-7. (type3 0 0 0 -C Sigma ) ij'y 
A (16X5 5mm) Jr±^t^M«^/Co -O^^; J: f9:*C»(D;^i^MP FKIi 

dlR^tlfco e^C, liIM*M®^AT'¥«L/cy7^x.f Kl 2 0- 

7:f3V-x (types 0 0 0-CL. Sigma ) (16X1 1 0mm) {Cg-Jj- 

TPFK^®t$-li-/Co 2 5mloMWAT?5fem 0-1. OMKClitll 

mm^m^-^i-^ftmmmA 1 5 om i ^^t^PFK^^aju/co pfks-^;^'^ 

m^^m (AmiconPMl OB) JCctO 3m 1 ^^^A 
T^mitbfzy<-CtY)i^P-Q^yl. (Bio-Rad ) "dgfei^L/Co it^JC. IJSJgL 
fcl^^^*^®?^AT¥#'fl:L/cty Q;^7 7A (0. 5X5 Omm. Pharmacia LKB 
) imi-ffzo 5 m I ommmA-cmi^'^. O - l . 5 MK C 1 l^^gg^g^^o 
«:^/-:^®-^A 15 0ml '^m^P FK^miHUZo P F KStt^-^ti-M^^^fe 
ftiiMD°D <!: L fco WMU^a'^mM/ SDS-PAGE T^®^, >b-";I/^ C B B ^ 

aPFK-ci/L^^^^o^-^xX^VT-D-y h^^W^ffo/^^^. M^i t> 5 3 
+ D^;U>>©;f;i;/<:^5^K^^ajL/c (03) » dO^m^ miiL/cPFKa 
iii^liPFK-d^n- b't^Zti!)<mmifZo 

1 3 : -km^T^m L:fc/< b ^ i/ 3 P F K ©1SzaiKtt©5|M 

d O^l^ Lit P FK^mm LS^Stt0f£S^^^<& 0-25 XOS^fEfflT' 
Hammond m<Oljm (Planta 180. 613-616. 1988)jrtJ&oTii^L/Co fS^TTO 

^^©^^ii^^-rjtMctLTQi on^i^fflL/ce xii!i(c^;t, Ymmm^ 

tS0*ft!t*5io/c^^7 7 0*SiggT'®M^^ci y/d xi-r^is d y/d x 
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= 0. 1 1 o gQ 1 OX-m^tl^o ■XJ^m-(^^^^^tfzy<ly^ •> 3 n° SBrodick 

(D^uroQi omi. 6 6lcit-<Tt)$l5^^>f^:L4'*^o/c c^e) o -fy^ 

i KpPFK3 2jrifA$nT(r^S c DNA*<=i- Kf -5 P F K © 5 "CT© 
Q101ili2. 2 4Tfeo^*^ -©ll<£-flfe©$B^$nT(.^§PFK©Q 1 O-li 
timbX^?>t^ •km^PFK-l'Qli5VX'(DQl 0mi3^2. 8 9 (Kruger. 
N. J. (1989)BiocheiDical Society Transaction 629th Meeting, London Vol. 17 760 
-761) •^ {iia^SJIIi^W^ ^aH v< u^r vx 3 n°DMRecord©^lP F K Tli. 2-6 
XX<OQ 101i*<3. 10 (PFKIII)*jJ;t/4. 20 (PFKIV) 

(Hammond, J. B.W. et al. Planta (1990)180.613-616) X$>0. :if^^MVSmi 
fcv< U >f -> 3 P F Kit^Ei^ir :3-V^n?>PFKi)\ i^iBm P F K ^i&^^m^ 
/<£ I U >r -> 3 d°dS® P F K tc Jt-cW^tclgfiittl^W LT I ^ S C i *<IE 
B^^n/Co t^PFKiSMF eP^iW^oT^'&M^tr^-SX-^D-X'g-^^^ 
©#iiS^SPS©Q 1 Olgli. 2-10^T2. 2 5 tap Rees m^'tLX 
1^5*^ (Plants and Temperature (ed. Long, S.P. and Woodward, F.I.) 
Society of Experimental Biology Seminor Series No. 42. Cambridge, OK; 
Cambridge University Press, pp. 377-393)^ sJ^^^B^© PFKfiSPStl^ VKjl^ 
©raWli^WLTl^S (^6) o cfc-9T:$:5|BJ©PFK2tfE^^. ^^1^^ 

ommx^ < ^mt ©^^et-c^^ ^-^-scitfcjco. -fgsBf ^ 
^m^"© :^ - n - x-g-a©f£t u V 3 D^na^i^^-r s c t *<-c § . ^ ©^ 

^6 :^liMT^E$-ti-/c^<l/'f i/3PFK©Ql OM 



(t) 


0 1 


2 


5 


7 


1 0 


1 5 


2 0 


2 5 


Q 1 01a 


2.42 2.38 


2. 35 


2. 24 


2.18 


2. 10 


1.93 


1.79 


1.66 



1 4 :ffi>!rmPFKat{5i^0mSI 
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•7<UT^ •7T'fyV3.cDNA7-f7'-7U-IS^ TiieSaver cDNA Synthesis 
KitCPharmasia) ^ A ZAP II Cloning kit(Stratagene)^ Gigapack n Gold 
(Stratagene) ^^J^U ^ft^tlTl^-S v^^rvHCtf^oTf^^L^o h^'en 
3 i/ c D N A 5 7*-7 'J - li^ cDNA Synthesis KitCAmershani). A gtlO cDNA 
cloning kit(Ainersham) ^fflO^Tx +-y M:^#^nTl^5 v^i7;l/{ri«£^T 

7'-•:^<£•7"7-:?/^^7'U:^^-r-lf-->3 >&{r<koT^jiLfco ^®i^> BUffi© 
7^7 X$ KpPFK32*^t>$iJPI0»t I ^ffll^T^«?|ll$n-5^^2^D^g«J^© 
DNAl^H-*Klir^i^t47C^32P •e^lSlL:^D-7'<i:LTi^fflL/Co -ecD^^x 
^^lfz^X(DcDNAy^yy^) -b^ h^^-f v - Zf tm&^t ^\^^Zt y - i7 ^ 
^^Ztt^-Q^fZo h-^^nnvPFKc DNAIi. 7°U- hj*^^ 
o Titi! L A: A D N A ^^iJH^^EcoR I Tfi^l: L^ P F K c D N A ^^tr-f > 1f 
- h gP^^ :^ 7 X ^ KpBluescript SK n (-) (Stratagene) ICif7'^D-->/ 
m> BljtB®^<l/^'>9PFK<}:|^:^0:^i*TDNAtg^E5?lJ^^^Lfco -ecflb 
©1t«^P FK c DNAti^ AZAP n Cloning kit (Stratagene) tc-g-^tlS 
-7r-v' (ExAssist helper phage(M13)) ti^M^ (SOLR strain ) ^IgC^^ 
^ft ^nTO^Sv^oLT^HCti&oTr^X^ KpBluescript SK (-) (Stratagene) 
\Z^:r^u--yy^^^ HUai©^<H' V3 PFK«i:l^l^©:^r&T'DNAi^SE?^J 
^i^^Lfco yyK')T. -i^. h-^ton-/, v/iPFK©DNAi^ 
SSe?^iJ*^>!fE^m©E^J#^3. 5. 7. 9{r^t. DNAi^SE^JA^b.^^ 

©*l«fe P F K 7 W l>^<l/^->3PFK-d7^y ^BS^J (E^J^©@E^J 
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9 p F K mii"^ ■fu-y'iz^^LrPFKi!)^mm^tifzmmii. mirmmm 

(^^^. h'^*D3->) , M^MU^ (77<'JT> ®Mif^^ 

P F K c D N A im^ m P F Kitfi^ ©mSlira: < fijffl T § ^ C «!: *^IEBg $ fl 

ttzm^mwFKCDTi ymMn^itntf^^^. m^m^iz^mbxutE 

It. m^G)$>^i^^^ p F K (r uni I 7 i y mmmt^'^t n 
(mn^omn^^i k 1 4^ 21. 2 2) o e^m©@e»^ 

2 2ll^L/c7 ^ yi^E^Jlis C©SeWPFK>f^'j^:^^ K±C#:a-r-5tift 
*^bl!l»rbTs MPFKT'^t•^tlTl^SSMF 6 PO^-^^fc JiU^'-eofi 
^ yM^J (Leu Gly His Val Gin Arg Gly Gly iZ^^t^tm^ 
(Evans, P. R. and Hudson. P. J. (1979)Nature. . 279, 500-504 ) o 

tlTl^S*^ (Heinisch, J. et al.,(1989) Gene.. 78, 309-321 ) > 
J!i^±©ct -9 mnB:G)Mn^^Hz^btzy<l/-( V 3 P FK c DNAIi. 

tht^?L^ti^7i m^n (^7) m^\u pcR^^fij^u 

■Cifittl*^t>PFKslfe^^mSt-rSl^lwDNAy7^v-'^JilcO##{r/j:5 7 ^ 
*^^^$nTl^^El^;(r5fil«^PFK(C{idfciiLT#S-r'5<i:#;i t.ti^7 E y^@S 

mm'^-^tif^o o^Os *^B«iwj;^TmPFK^#iS[-:5{^^7^ 

(E^m©E^J#-t 1 Is 14. 2 K 2 2) *<l9!I«>TPI^$n/Co 
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(1) Arg Ala Gly Pro Arg 

80 

(2) He Val Thr Cys Gly Gly Leu Cys Pro Gly Leu Asn 

100 105 

(3) Gly Tyr Arg Gly Phe 

135 

(4) He Val Asp Ser He Gin 

175 

(5) Pro Lys Thr He Asp Asn Asp He 

220 

(6) Phe Gly Phe Asp Thr Ala Val Glu 
230 235 

(7) Ala Gin Arg Ala He Asn 

240 

(8) Val Lys Leu Met Gly Arg 
260 265 

(9) Ser Gly Phe He Ala 

270 

(10) Ala Glu Gly Ala Gly Gin 

320 

(11) Asp Ala Ser Gly Asn 

340 

(12) Leu Lys Tyr He Asp Pro Thr Tyr Met 
370 375 

(13) Cys Leu He Pro Glu 

285 
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Lfzzt^7.l KpPFK(35S) ^fP^Lfco UTr^^'yT.l KpPFK(35S) Oi^Ll^'f^ 
WCJS^^'i^^^o t,-f^ fiJPSS^Hindl> Not K Bgl n> BamHU EcoRK Sia 

K Pst K Sst K Bel K Bgl n. Not K EcoR I ©»E^J*::©li#ll 
^tfi^U U (Agricultural Genetics Coipany, Cambridge, United 

Kingdom J; <9A^) ^UW^MiM. EcoR I -Cfg>fl:Lfc-/^X ^ KpUC19 CjiM 
::n*pUC19(PL) i^^gU^o ^^J:. KpAPT9 (Agricultural 

Genetics Company, Cambridge, United Kingdom J; f5 A¥-) iJ^^PMW^st K 
BamHI Cj:-5T^«5iB$n'5y^^°U ^-^fiXS^^il^E^^O-i? 'J 7r-l/- a 
/:^;l/@E^J (*^0. 3^ni^i&*f) ^^iJKSi^^Sst K Bel I Tfl^bLfepUCIG 
(PL) frji*§L> cn^pUC19(nos term) t^^gU/Co ^"^^^^^ (patatin 

) ■fu=^-^-WMU^^^'y7.l KpBI240.7 (Bevan et al.. Nucleic Acid 
research 14:4625-4638. 1986) t-^UW^^gl BamHI <g:^o-C*^2. 3 + 
vm^l^O^mn tLxm^\^^ W^^Bgl n. BamHITf^fbUy^ipUCmnos 
term) {CilMLs cn^pUC19(pat/nos term) t^igU/Co ^J-x.BUi&©:^vX 

= KpKK32 *^.^*lJISS^EcoRK Pst I ^^oT^giSBtiP F Kit^i^ (*^1. 
8 + ai^»*f) *) tB ^iJHS^EcoR K Pst I TfS'fb Ly:pUC19(pat/nos 
term) (Cii^L> 'en^pPFK(pat) t^^Lt^o d^\U -fyXi KpPFK(pat) ^• 
*lJIS0^EcoR I -Cfn^m. i<mmT> N a U ^ - -ir- 1 © ^ U y »rit (Klenow 
fragment) T^^5|cffi>fbLfco Cffl¥ft*M t^t X « h'^pmm 

®J|!10^Sma I > Sst I l^mitbtzzr ^ 7. i KpR0K2(pBinl9fi5!5 : 
Baulcombe. D. etal.,(1986) Nature., 321, 446-449) JCiiM Ls Cti^pPFK 
(358) (iI4) o 

1 6 : ^^'U'f v 3©?^^^^ 

•> X > i: 7 * - K*^|g^ btzx.\y^ hDi?l/-->3>?* (Shen, W-J and 
Forde. B. G (1989) Nucleic Acid Research 17, 8385) ^^JfflLT. 
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Agrobacterium tumefaciens L BA4404 KM^ l^f^bfzK'^ ^ --fy 7s i KpPFK 
(35S) «-#ALs '5-©®^^LBA4404(35S/PFKd) t^H^UZo ?)^CLBA4404(35S/ 
PFKd) ^m^xm^O 1 mt LX^<\y^ •> 3 D°DaBintjeOj^MS^^|$i5».^Co ^^ 
y\z^%.W^^\^r>K^XW-\^<v^^^o tt. /<l/-r->3a°aBintje©'i7^;Ux 
7 U -mW^^W\i7, z]Tyz/ju7^')iJJ\^i-^y t*;^x - x > •> - 
(Scottish Agricultural Services Agency, Edinburgh, United Kingdom) J: (3 

>X-7^'7-<J:X^'-i/®^* (JeiTLS^tfitlS^tS) (Linsmaier, E. 
and Skoog, F. (1965) Physiol. Plant. . 18. 100-127) (DMWiM. X ^ o - x 
30g/L.li^8g/L ^^tf gJ^^^Cg^ L^S-r 5 C <»: »C J: ^ TilM<i 

(:1$*^*^0. 5-2. 0 c m) (^*<|^ 
0. 6-1. 0 cm, m^^O. 5-1. OcmCD:^#$) {i^LS^^Oil^ 
j^, 3 0 g/L®:/;Un-x«-^t-?K^*^%tTLBA4404(35S/PFKd) «!:2 5'€-C 
4 8^P^*#^#Ufco *#^^l^ifeKF©LBA4404(35S/PFKd) 0MJt«*^l 0 8 

+ A (cefotaxim ) ^2 5 Omg/L^t?i^®7KTMi5fe^L^o ^5fc^^> 

3£i5gt>*<is^LytKs i^nfe (#§^¥6- 1 3 3 7 8 3) \zmh?>i^{tmom 

^S^L/^o ttflc^*^2 0STtn:4M*:^-v>r->> (kanamycin ) Utm^^^i^ 
X*<ai^L. Mtc 1 0 - 3 0 B^S*ic{^5<i:;^;;UXA>b»^*:*<#^>fbLy-Co 

i^. X^D-X3 0g/L. -tr7*:J' + ->A2 5 0mg/L. *:^?^->> 
1 0 Omg/L. 0^8 g/L^#tr@?^^^{rg^b^#-r SCiJictoT;^ 

tf^^Ly^o 3>^p-;H::«^ »S^gl^©^°^mntje^•ffi^,^fco 3>hn 
jg^Bf^E (^l^^a^S. 5-8. S-tfeSl^lil S-C) 
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©^^3&^t> C T AB^ (Doyle, J.J. and Doyle, J.L. (1987) Phytochemical 
Bulletin.. 19, 11-15) flJ; ^) DN A^}4|±5 L^ SaiDbrookl^CD:;^^ (Molecular 
Cloning : A Laboratory Manual/Second Edition, Cold Spring Harbor 
Laboratory Press, 1989 ) {r^^&oT1Mf >P^ff<£-fTofCo DNA^ 

DNA^:^>f D>ii{r^:f^^ WiM^m^ymZZ? 'C^ISsL/cDNAT' 
D-ytS^^-t^-fco •fu-'/tbX^ nos terminatorH^ (2 8 Oig^^f) 
Sl^liB^JaiC>-■^7X^ KpKK32 ^$iJPI®F^Bgl I iPst I vmttZ tlt^-^ 
T^^ffi$nSMWi4PFKDNA©3' ^^^EIM^ (2 3 5^^*f) ^ffil^ 
fc„ l^rnoDNA»fM-^:/D-7'<!: LTffll^/c^-^t^StB 7 5T{ix h^^ 

LTl-'^Jl^) o 

(1 5'€T2 ^^^i?) i&^t.RNA^miSt. Sainbrookt|0:^fe (Molecular 
Cloning : A Laboratory Manual/Second Edition, Cold Spring Harbor 
Laboratory Press. 1989 ) Jrti^ o T y -if »ll*^^tTo /Co UntbX^ 
RNA3 0/^g^ffil^/Co -fv-rtbX. m^(0-fyXi KpKK32 *flJll#^ 
Bgl I tPst I •Cfg'fb1"'5C«hJCj:oT^«)ai$n5j&ia»ttPFKDNA© 
3' (2 3 5JgS*r) ^teJ|^ttl^ft7C^32P.T^I^LfcDNA^^l^ 

^©^^*E15{r5^L/Co ^^B7 5©^^-Cli#^(C5^l^i//-:h;l/*<:^tB 
l^?^®^^#^|(tB4 OTIi. ^<PFK^tU (A) + RNA(i^ai 
^tlfli)^'^tZo :^mn^(ommi)^ih. ^<U^ va^l^'^PFK^^U (A) + 
RNA^y-1f>Mtffm:oT:^til-rS^'^. ^RN AT'W/j: < . ^t>{C^^$ 
n^ttU (A) + RNA^|*5^<i:LTffifflL/j:{tti{f^ai*^H»-<i:*^W^L 
Tl^So C®Ci*^b«LT. ^^B7 5©^14'T'{iiiS©^<U'1' vaT'li 
#X.bn/A(.M5t';^40PFK'f>U (A) + RNA«J|LT*5!)> dOigfi]© 
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tfii^. T^nMlf:i^m 7 5 i B 4 0 O^E*^ t.Krugerl| 

<D1j^ (Kruger, N. J. et al. , (1989) Arch. Biochem. Biophys. . 267. 690-700) 

i^&^$>6i^imM^\^Rit^^^^ti±^^')<:f^ v<Df^x\ jf^mBi 5t^m 

B 4 O-CjiO^*<I,t>n:fc0{i-OPFK- dOi^Tfeo/Co ^^B 7 5 ©SI^T 
{i 3 > h o - ;U^SEB 4 0 ©^^(r jt-c*t 3-4{g#l^PFK-d^U K 

itSfe©^*)^*^ 3^KtB7 5Tli. PFKf^'j (A) + mRN A©|gi|i:icit 
'^PFK-d^U^T^f- K©^^M{iiS*^o/Co C tili^Jle P F K itfe^-© 'J 
(A) + mRNA^(Dmmt^(D^>y<i7^^0MUM.0iti!)K /^'H'va^ 
Id^^^l^W-rSPFKitiST-Of^U (A) + mRNA-^0mW-&t^(D^>^<i^ 

m^^UB 7 5 <»:B 4 0©!^^ (IRS^ 1 5'Ctr2 y^fi^E) *>bKruger^© 
■:f3^ (Kruger, N.J. etal.,(1989) Arch. Biochem. Biophys. , 267. 690-700) 

figoTmttiBJK^iniib^ PFKffiti«^L/co imowm^mMim^^^ 

L. 3liI©aij^^©¥±»l1i^S8{c^L^o •e©^l|x ^^B 7 5«3^|ltB4 0 
0*^1. 3^iSl^l^PFKSft^WbTl^5Ct«l[$tlfco ±PFKfS^t 
lix Krugert^ (Kruger, N. J. et al. . (1989) Arch. Biochem. Biophys. . 267. 690 
-700) *<^^LfcPFK-a. -b. -c, - d O 48©^^ U ^^^^ K©a>!? © 
M-^-a-tCckoTilffig^ti^PFK K n. in> iv®S&14©'&fhTfeSo 

P F K - d U K©^-efi&t4® 
SCiA^iED^^ti/::*^. 3^^B 7 5©^^Tm^$nfcPFKStt±#li. 
$ ti^ P F K - d jt<E^^©M^^I- ckoT®^^>;tt>$:n;t t^^ Zt^ ± 

- (PFK-d*<3-4^gjr±ij!in) <^:f^0L4n^o 

?)j{c3^^B7 5©^i (iRs^i ^mm t^^^mmiam^mm'^. 
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fp{i4'€Ttfofco m^Umi. 4 OmL©JfttB«^ (|tfaj©^®^A{: 2idH 
benzamidine, ImM PMSF, 1 jt/M leupeptin, Ijt/M pepstatin, IJSCW'V) 
insoluble polyvinylpyrrolydon^»t /::*>©) ^M^. ?lWt^WX%^m^ 
L^o S^JS* i 7 DXTziig'^. ii?S^20, OOOg T 3 o^r^^.l:^L. ±^^- 

^'r^7'L/«yK 1 207^'p-X (Type 3000-CL, Sigma ) ii y L 
(16X11 0mm) jr^ltTP F K*®t$-a-/Co JKim©iilll^mi> m© 
::*:lilT^m$-li:fcPFK©:lWmwti^o/Co *yQ:<77A^ovh/v7^ 
-CJ:oTPFKIi4o©t: -i5'fC53'l!iL. -e©4'©P FKIVJCffi^-TSli^^ 
0i|ZLa«©agTPFKSt4^illJ^LQ 1 Om*^«:)/Co ^©^^^^9{r:^ 
Lfc;6<. ^^m^$n/cPFKIV{i^g;aT{cfct^Tfc^<^^■e^)^5. ^© 

Q 1 o|l^iO'c*^b»2 5'c©i^-rn©a^{ifci>T*) 1. 9-2. ot^^^o 

^6C:^raNo. 5 8^*^^^^L/cPFK©Q 1 01i<£r^Lyi*<. '€-©S^ 
ig9®^m^Jti|^1-^<i:> M^{::iil^-itfE^>&^^A^tiTl^S*^ 
B 7 5©PFKIVIi:^lillNo. 5 SI^T^HLfcP FKlcJt-^ifgiaJCStLJ: !9 
^^Xh-yfZo tfz, ^^B7 5»c^A$nfcPFKit1£W7t;^^<l/^'>3D°D 
^Brodick ^>^!St$*i:feitfiu^'Cfc5*<x Hammond ^ (Hammond, J.B. W. et 
al., (1990) Planta. , .180, 613-615) tm^Lfz^<U-( i/ 3 S,mBTodick © 
P F KIV J: *3 l>i£S{C*f L^^T* o fco xx^ >j5?^/f©^m*^ ^»¥lJ»f LT^ 
7 5T|g^aUTl^-5PFK-d;^^U'<7'5^ K© 2/3:6^^ 3/4 {i^Ait^ 
lF©^^{^fi5^-r-5 C tfcKrugerll (Kruger, N.J. etal..(1989) Arch.. 
Biochem. Biophys. , 267, 690-700) *^^g^LTl^S <i: 9 (CP FKIV;&<P F K- d 

^itttli^Aitei^©^^-^ So 
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m^ 7 5X'mAmi'f-<DW^i)mm^ti. r-^w^bb i 5®pfkiv*m& 





PFK Stt(iimol.'min/g FW) 


B40(3yhD-iP) 


108.4 


B75 


141.4 



m 3^^B7 5©^l;6^bStJ^i^|!lLfcPFKIV0QlO^il 





2 


5 


7 10 


15 


20 


25 


Q 1 Oli 


1.91 


1.92 


1.92 1.93 


1. 94 


1.95 


1.96 



(5. 5-8. 5t) L^3^^B7 5<i:B4 0©^l©^|#Mi'^°■r 

T^<^S>^7-x^-;^«^:*fJt^■ti•^ J£(TcML:tX3 7Ta^L/Co ^fs©x 
370. +. + + . + + +. + + + + ^n^'tiyjl:3-:^^M^0%, 0. 
1%. 0. 2 5%. 0. 5%. 2%J!^±;rffi^t--5o ^1 OJl^LfcliJi. ij^ 

-X'!r-;i'©x37 0. + + > + + + S + + + Ji^-eti -en 0. 1. 



wo 95/05457 PCr/JP94/01352 

31 

0^ 2. 0. 3. 0^ 4. 0 tbfzm'k<^MtbXM^LXK^^o OtZ^sb 

*>SC<!:*<5ait>nTt^S (Gray.D and Hughes, J. C. (1978) The Potato Crop (ed. 
P.M. Harris), Capiann & Hall, London, pp. 504-544 ) o ^Z.X^ ^I^J^^^ 
B7 5. B4O0^mT^ (2Ms 4M. 1 2OT) mm^Uni^LX^^T^ 

m (D^xM'^^fy 3 b 4 m?a*^aj^c£ < s t xm^irx ^^f-vf-y -f^m 

1 5tS:ilS[L> -^-n-e-n^P^ISlc JioT'fvT ■fmii'y-ti- K (The 
Institute for Storage and Processing of Agricultural Produce, Wageningen, 
The Netherlands f^^) <»: ^fJt ^ :^ 7 - - K tiT I ^ 5 X 3 7 T'll^ 

1itT*-5o ^^B7 5Tlis igiiafiri;2M. 4M> 1 2igTO©(<^t"n©^ 
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mi 0 



0 4 immm) o 2 4 12 iMmfirm) 



B40 (control) 1. 0 2. 6 
B75 1.0 1.2 



7.0 4.0 2.6 2.3 
7.0 5.5 3.7 3.5 
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mm^ : 1 

@E?|J©S$ : 1978 

mnom : mm 

W.M<DmM : cDNA to mRNA 

^^ig : V•7•:^Af• JL^o-i^A(SolanuIn tuberosum L. ) 
mU^ : T'PT-f 7 ^(Brodick) 

^ D - >ig : pPFK32 

CTCnnCTT GGGHGACTC AAAnTAACA TATATATGTA TTTTnTCn TnCTGATTC 60 
TGITTTCAGA TACCCnTTG AATTTCCATT GAGAAAGHG GAATCTTTTT TGTTTTTATA 120 
TAniGGGGA AG ATG GGT ACT GAG ACT AAT TAC CAG ATG AAG GTG GTG AAA 171 
Met Gly Thr Glu Ser Asn Tyr Gin Met Lys Val Val Lys 
1 5 10 

GGA GAT TAT GGC TAT GTT CTT GAA GAT GTT CCl CAT HG ACT GAT TAT 219 
Gly Asp Tyr Gly Tyr Val Leu Glu Asp Val Pro His Leu Thr Asp Tyr 

15 20 25 

ATC CCT GAT CH CCT ACT TAT GAC AAT CCA TTG CGG TCC AAT CCT GCA 267 
He Pro Asp Leu Pro Thr Tyr Asp Asn Pro Leu Arg Ser Asn Pro Ala 
30 35 40 45 

TAT TCA GTT GTG AAG CAG TAC TH GH GAC ATG GAT GAT ACT GTC CCC 315 
Tyr Ser Val Val Lys Gin Tyr Phe Val Asp Met Asp Asp Thr Val Pro 
50 55 60 
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CAA AAG GTT GTT GTl CAC AAG GAC AGT CCC AGA GGG GTG CAT TTC CCG 363 
Gin Lys Val Val Val His Lys Asp Ser Pro Arg Gly Val His Phe Arg 

65 70 75 

CGT GCT GGT CCA CGT CAG AAG GTG TAT TTC AGT TCG GAT GAT GTT CGT 411 
Arg Ala Gly Pro Arg Gin Lys Val Tyr Phe Ser Ser Asp Asp Val Arg 

80 85 90 

GCT TGT ATT GTA ACT TGT GGT GGT TIG TGC OT GGG CTA AAC ACA GTG 459 
Ala Cys He Val Thr Cys Gly Gly Leu Cys Pro Gly Leu Asn Thr Val 

95 100 105 

ATC AGA GAG ATT GTA CAT AGC CTC GAT TAT ATG TAT GGA GTC AAC AAA 507 
He Arg Glu He Val His Ser Leu Asp Tyr Met Tyr Gly Val Asn Lys 
110 115 120 125 

GTC TTT GGT ATC GAT GGA GGC TAC AGG GGT HC TAT TCC AAG AAT ATC 555 
Val Phe Gly He Asp Gly Gly Tyr Arg Gly Phe Tyr Ser Lys Asn He 

130 135 140 

ATC AAT TTG ACA CCA AAG ACT GH AAT GAC AH CAT AAA CGT GGT GGT 603 
He Asn Leu Thr Pro Lys Thr Val Asn Asp He His Lys Arg Gly Gly 

145 150 155 

ACA AH CTT GGA TCA TCA CGA GGA GGC CAT GAT ACC ACA AAG ATT GTT 651 
Thr He Leu Gly Ser Ser Arg Gly Gly His Asp Thr Thr Lys He Val 

160 165 170 

GAC AGC ATA CAG GAC CGT GAA AH AAT CAG GTA TAT ATA ATC GGT GGT 699 
Asp Ser He Gin Asp Arg Glu He Asn Gin Val Tyr He He Gly Gly 

175 180 185 

GAT GGA ACT CAG AAA GGA GCA GCT GTA ATA TAT GAG GAA ATC AGG CGG 747 
Asp Gly Thr Gin Lys Gly Ala Ala Val He Tyr Glu Glu He Arg Arg 
190 195 200 205 

CGT GGT CTC AAA GTA AH GTT GCT GGG ATC CCA AAG ACA AH GAT AAT 795 
Arg Gly Leu Lys Val He Val Ala Gly He Pro Lys Thr He Asp Asn 
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210 215 220 

GAT ATC CCT GTT ATC GAC AAG TCA TTT GGT TTT GAT ACT GCT GTA GAG 843 
Asp He Pro Val He Asp Lys Ser Phe Gly Phe Asp Thr Ala Val Glu 

225 230 235 

GAG GCT CAA CGT GCC ATA AAT GCA GCT CAT GH GAA GCT GAA AGT GCT 891 
Glu Ala Gin Arg Ala He Asn Ala Ala His Val Glu Ala Glu Ser Ala 

240 245 250 

GAA AAT GGT ATT GGT GTG GTG AAG CTA ATG GGA CGC TAT AGT GGA TTC 939 
Glu Asn Gly He Gly Val Val Lys Leu Met Gly Arg Tyr Ser Gly Phe 

255 260 265 

ATC GCA ATG TAT GCC ACT TTG GCG AGC AGA GAT GH GAT CTC TGT TTA . 987 
He Ala Met Tyr Ala Thr Leu Ala Ser Arg Asp Val Asp Leu Cys Leu 
270 275 280 285 

ATT CCA GAG TCA CCC TTT TAT CH GAA GGA GAT GGT GGA QC TH GAA 1035 
He Pro Glu Ser Pro Phe Tyr Leu Glu Gly Asp Gly Gly Leu Phe Glu 

290 295 300 

TAC AH GAA AAA AGG CTC AAA GAA AAT GGG CAC ATG GH ATT GTG ATA 1083 
Tyr He Glu Lys Arg Leu Lys Glu Asn Gly His Met Val He Val He 

305 310 315 

GCC GAA GGA GCA GGG CAA GAA CH CTT GCA GAA GAG AAT GCG CAT GCC 1131 
Ala Glu Gly Ala Gly Gin Glu Leu Leu Ala Glu Glu Asn Ala His Ala 

320 325 330 

AAA AAC GAA CAA GAT GCT TCG GGG AAC AAG CTT CTC CAG GAT GTT GGT 1179 
Lys Asn Glu Gin Asp Ala Ser Gly Asn Lys Leu Leu Gin Asp Val Gly 

335 340 345 

m TGG ATT TCC CAA AAA ATC AGG GAT CAT TTT GCT ACA AAA ACT AAG 1227 
Leu Trp He Ser Gin Lys He Arg Asp His Phe Ala Thr Lys Thr Lys 
350 355 360 365 

ATG CCC AH ACT CTT AAG TAT ATA GAT CCG ACT TAC ATG ATT CGT GCT 1275 
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Met Pro He Thr Leu Lys Tyr He Asp Pro Thr Tyr Met He Arg Ala 

370 375 380 

GTT CCA ACT AAT GCC TCT GAT AAT GTA TAT TGC ACT CH QT GCT CAA 1323 
Val Pro Ser Asn Ala Ser Asp Asn Val Tyr Cys Thr Leu Leu Ala Gin 

385 390 395 

AGT TCT GTT CAT GGA GCA ATG GCA GGC TAC ACA GGT HC ACC TCA GGA 1371 
Ser Cys Val His Gly Ala Met Ala Gly Tyr Thr Gly Phe Thr Ser Gly 

400 405 410 

CTT GTC AAT GGT CGC CAG ACT TAT ATA CCA HC AAT CGT ATT ACC GAG 1419 
Leu Val Asn Gly Arg Gin Thr Tyr He Pro Phe Asn Arg He Thr Glu 

415 420 425 

AAA CAA AAT ATG GTG GTT ATA ACT GAC AGG ATG TGG GCA CGT CTT CTT 1467 
Lys Gin Asn Met Val Val He Thr Asp Arg Met Trp Ala Arg Leu Leu 
430 435 440 445 

TCG TCA ACC AAT CAG CCA AGC HC HG CGC GTG AAA GAC AH GAA GAG 1515 
Ser Ser Thr Asn Gin Pro Ser Phe Leu Arg Val Lys Asp He Glu Glu 

450 . 455 460 

AH AAA AAG GAG GAG CAG CCG CAA ACT CAA CTG TTG GAT GGC GAT AAC 1563 
He Lys Lys Glu Glu Gin Pro Gin Thr Gin Leu Leu Asp Gly Asp Asn 

465 470 475 

AAT GTA CAT GAG AAC TCA GGT CAC TGATACAGTA AHACGAACT TGGCGTGACA 1617 
Asn Val His Glu Asn Ser Gly His 
480 485 
CACTGAAGTA ACTCTGHGT AATCATHGC CTGTGCAGTG GnCTCHGT TGTCTTTGAA 1677 
GCTTTTGCTG CHACCAHG TGCCTTATAA AAACAGTCCT AGGAACTTAT HCTTGAAGG 1737 
TTnCGGATC HCTGCATCA GATGHCGCA GTAGTAACAG ATATAHTQ GCCTAAHCA 1797 
TCTAGAGTCC TAATTTCTTG AAGTGAAATT AGACATCTTT TTATAAAATA TTHGTAATA 1857 
AAHTAAATA GTGAGAACAT HGCTATGCA CATAAATGAT GAACTCTGTG TGCaCGATG 1917 
GTCTTTTGAG ATCTAAAATA GTCCAAGATT TTGGCAGAAA TCAGAAGTAG AGGCAGACH 1977 
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T 1978 

@E^J#^ : 2 
E^JO:^^ : 4 8 5 

Met Gly Thr Glu Ser Asn Tyr Gin Met Lys Val Val Lys Gly Asp Tyr 

1 5 10 15 

Gly Tyr Val Leu Glu Asp Val Pro His Leu Thr Asp Tyr He Pro Asp 

20 25 30 

Leu Pro Thr Tyr Asp Asn Pro Leu Arg Ser Asn Pro Ala Tyr Ser Val 

35 40 45 

Val Lys Gin Tyr Phe Val Asp Met Asp Asp Thr Val Pro Gin Lys Val 

50 55 60 

Val Val His Lys Asp Ser Pro Arg Gly Val His Phe Arg Arg Ala Gly 
65 70 75 80 

Pro Arg Gin Lys Val Tyr Phe Ser Ser Asp Asp Val Arg Ala Cys He 

85 90 95 

Val Thr Cys Gly Gly Leu Cys Pro Gly Leu Asn Thr Val He Arg Glu 

100 105 110 

He Val His Ser Leu Asp Tyr Met Tyr Gly Val Asn Lys Val Phe Gly 

115 120 125 

He Asp Gly Gly Tyr Arg Gly Phe Tyr Ser Lys Asn He He Asn Leu 

130 135 140 

Thr Pro Lys Thr Val Asn Asp He His Lys Arg Gly Gly Thr He Leu 
145 150 155 160 

Gly Ser Ser Arg Gly Gly His Asp Thr Thr Lys He Val Asp Ser He 

165 170 175 

Gin Asp Arg Glu He Asn Gin Val Tyr He He Gly Gly Asp Gly Thr 
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180 



185 



190 



Gin Lys Gly Ala Ala Val He Tyr Glu Clu He Arg Arg Arg Gly Leu 

195 200 205 

Lys Val He Val Ala Gly He Pro Lys Thr He Asp Asn Asp He Pro 

210 215 220 

Val He Asp Lys Ser Phe Gly Phe Asp Thr Ala Val Glu Glu Ala Gin 
225 230 235 240 

Arg Ala He Asn Ala Ala His Val Glu Ala Glu Ser Ala Glu Asn Gly 

245 250 255 

He Gly Val Val Lys Leu Met Gly Arg Tyr Ser Gly Phe He Ala Met 

260 265 270 

Tyr Ala Thr Leu Ala Ser Arg Asp Val Asp Leu Cys Leu He Pro Glu 

275 280 285 

Ser Pro Phe Tyr Leu Glu Gly Asp Gly Gly Leu Phe Glu Tyr He Glu 

290 295 300 

Lys Arg Leu Lys Glu Asn Gly His Met Val He Val He Ala Glu Gly 
305 310 315 320 

Ala Gly Gin Glu Leu Leu Ala Glu Glu Asn Ala His Ala Lys Asn Glu 



Gin Asp Ala Ser Gly Asn Lys Leu Leu Gin Asp Val Gly Leu Trp He 

340 345 350 

Ser Gin Lys He Arg Asp His Phe Ala Thr Lys Thr Lys Met Pro He . 

355 360 365 

Thr Leu Lys Tyr He Asp Pro Thr Tyr Met He Arg Ala Val Pro Ser 

370 375 380 

Asn Ala Ser Asp Asn Val Tyr Cys Thr Leu Leu Ala Gin Ser Cys Val 

385 390 395 400 

His Gly Ala Met Ala Gly Tyr Thr Gly Phe Thr Ser Gly Leu Val Asn 



325 



330 



335 



405 



410 



415 
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Gly Arg Gin Thr Tyr He Pro Phe Asn Arg He Thr Glu Lys Gin Asn 

420 425 430 

Met Val Val He Thr Asp Arg Met Trp Ala Arg Leu Leu Ser Ser Thr 

435 440 445 

Asn Gin Pro Ser Phe Leu Arg Val Lys Asp He Glu Glu He Lys Lys 

450 455 460 

Glu Glu Gin Pro Gin Thr Gin Leu Leu Asp Gly Asp Asn Asn Val His 
465 470 475 480 

Glu Asn Ser Gly His 
485 



my\m^- 3 

mn(0&^ : 1778 

mm : r^^m 

SB^JoSli : cDNA to mRNA 

m 

:77^UT7'D'i7^- (Flaberia brownii) 

v-ry^ U -ig : ii^mRNAfi^AZAP EcDNA^-rr^U- 
^u->^ : pPFK-FBl 



GTTAACAAGG GGGAAGTT ATG GAT AAT AAC ATC AGT TGT GAG ATG AAA GTT 51 

Met Asp Asn Asn He Ser Cys Glu Met Lys Val 
1 5 10 

GAA ACA GGG GAT GCA GGC TAT GTG CTT GAA GAT GTG CCT CAC ATA ACT 99 
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Glu Thr Gly Asp Ala Gly Tyr Val Leu Glu Asp Val Pro His He Thr 

15 20 25 

GAT TAC ATC CCT AAT CTC CCT ACC TAT CCT AAT CCA TTG CGT TCT AAT 147 
Asp Tyr He Pro Asn Leu Pro Thr Tyr Pro Asn Pro Leu Arg Ser Asn 

30 35 40 

CCT GCA TAT TCG GTT GTG AAG CAG TAC TTT GTT GAT CCG GAT GAT ACC 195 
Pro Ala Tyr Ser Val Val Lys Gin Tyr Phe Val Asp Ala Asp Asp Thr 

45 50 55 

GTG CCT CAA AAG GH GTT GTA CAC AAG GAC GGT CCA AGA GGA ATA CAC 243 
Val Pro Gin Lys Val Val Val His Lys Asp Gly Pro Arg Gly He His 
60 65 70 75 

m CGA CGT GCT GGT CCT CGT CAA AGG GTT TAT HT GCA CCA GAT GAA 291 
Phe Arg Arg Ala Gly Pro Arg Gin Arg Val Tyr Phe Ala Pro Asp Glu 

80 85 90 

GTG CAT GCT GCT ATA GTA ACA TGT GGT GGT HA TGT CCT GGG CTA AAC 339 
Val His Ala Ala He Val Thr Cys Gly Gly Leu Cys Pro Gly Leu Asn 

95 100 105 

ACA GTG ATC AGG GAA AH GTT TGC GCA CH TAT CAC ATG TAT GGT GTC 387 
Thr Val He Arg Glu He Val Cys Ala Leu Tyr His Met' Tyr Gly Val 

110 115 120 

ACC AAA GTt CTT GGG AH GAT GGA GGG TAC AGA GGT TTT TAC TCA AAA 435 
Thr Lys Val Leu Gly He Asp Gly Gly Tyr Arg Gly Phe Tyr Ser Lys 

125 130 135 

AAC ACC ATC ACT TTG ACT CCA AAG GTT GTG AAT GAC ATC CAT AAA CGT 483 
Asn Thr He Thr Leu Thr Pro Lys Val Val Asn Asp He His Lys Arg 
140 145 150 155 

GGT GGT ACA ATT AH GGC ACC TQ CGT GGG GGC CAT GAT AAA CCA AAG 531 
Gly Gly Thr He He Gly Thr Ser Arg Gly Gly His Asp Lys Pro Lys 
IBO 165 170 
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ATA Cn GAC ACT ATT CAG GAT CGT GGT ATC AAT CAG GTT TAT ATA ATT 579 
He Val Asp Ser lie Gin Asp Arg Gly He Asn Gin Val Tyr lie He 

175 180 185 

GGA GGA GAC GGT ACT CAA AAG GGA GCA GOT GTT AH TAT CAG GAA GTG 627 
Gly Gly Asp Gly Thr Gin Lys Gly Ala Ala Val He Tyr Gin Glu Val 

190 195 200 

AGA AGG CGT GGG CTT AAA GCT GTA GTG GCT GGG AH CCT AAG ACA ATT 675 
Arg Arg Arg Gly Leu Lys Ala Val Val Ala Gly He Pro Lys Thr He 

205 210 215 

GAT AAT GAC AH CCG GTC ATT GAT AAG TCT TTT GGT TTT GAC ACG GCT 723 
Asp Asn Asp He Pro Val He Asp Lys Ser Phe Gly Phe Asp Thr Ala 
220 225 230 235 

GTG GAA GAG GCT CAA CGT GCC AH AAT GCT GCA CAT GTG GAG GCT GAA 771 
Val Glu Glu Ala Gin Arg Ala He Asn Ala Ala His Val Glu Ala Glu 

240 245 250 

AGT GCT GAG AAT GGC ATA GGG GTG GTC AAA CH ATG GGA CGC TAT AGT 819 
Ser Ala Glu Asn Gly He Gly Val Val Lys Leu Met Gly Arg Tyr Ser 

255 260 265 

GGA TTC ATC GCA ATG TAT GCA ACT TTG GCT AGT CGA GAT GTT GAT TTA 867 
Gly Phe He Ala Met Tyr Ala Thr Leu Ala Ser Arg Asp Val Asp Leu 

270 275 280 

TGT TTA ATT CCT GAA TCA CCT Tn TAT CH GAG GGA GAA GGT GGA CTT 915 
Cys Leu He Pro Glu Ser Pro Phe Tyr Leu Glu Gly Glu Gly Gly Leu 

285 290 295 

m GAA TAT GTA GAA AAA CGT CTC AAG GAC GAT GGA CAC ATG GTC ATC 963 
Leu Glu Tyr Val Glu Lys Arg Leu Lys Asp Asp Gly His Met Val He 
300 305 310 315 

- GH GTA GCA GAA GGT GCT GGT CAG GAG CTG CTT GCA GCA GAA AAC TTG 1011 
Val Val Ala Glu Gly Ala Gly Gin Glu Leu Leu Ala Ala Glu Asn Leu 
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320 325 330 

AAA ACT TCA ACC GCA AAA GAT OCT TCT GGA AAT AAA CTA CTT CAC GAT 1059 
Lys Thr Ser Thr Ala Lys Asp Ala Ser Gly Asn Lys Leu Leu His Asp 

335 340 345 

GTC GGA TTG TGG ATT TCT GAT AAG AH AAG GCT CAC TTT GCT AAA AH 1107 
Val Gly Leu Trp He Ser Asp Lys He Lys Ala His Phe Ala Lys He 

350 355 360 

CCT CCC ATG CCT ATP ACT CTC AAA TAC ATA GAT CCA ACT TAC ATG ATC 1155 
Pro Pro Met Pro He Thr Leu Lys Tyr He Asp Pro Thr Tyr Met He 

365 370 375 

CGT GCG GTT CCA AGT AAT GCA TCT GAT AAT GTA TAC TGC ACT CTC CTl 1203 
Arg Ala Val Pro Ser Asn Ala Ser Asp Asn Val Tyr Cys Thr Leu Leu 
380 385 390 395 

GCT CAA AGT TGT GH CAT GGA GTG ATG GCG GGC TAC ACC GGC TIC ACA 1251 
Ala Gin Ser Cys Val His Gly Val Met Ala Gly Tyr Thr Gly Phe Thr 

400 405 410 

AGT GGG Cn GTC AAT GGT AGA CAG ACT TAT ATT CCA TH AAT CGT ATC 1299 
Ser Gly Leu Val Asn Gly Arg Gin Thr Tyr He Pro Phe Asn Arg He 

415 420 425 

ACT GAG AAG CAG AAT AAC GTT GTG ATA ACC GAT AGG ATG TGG GCA AGG 1347 
Thr Glu Lys Gin Asn Asn Val Val He Thr Asp Arg Met Trp Ala Arg 

430 435 440 

Cn CTG TCA TCC ACC AAC CAA CCA AGC TTT TIG CGA CCC CAA GAC GTT 1395 
Leu Leu Ser Ser Thr Asn Gin Pro Ser Phe Leu Arg Pro Gin Asp Val 

445 450 455 

AH GAA GTC CAG AAA CAA GAA GAA CCA CCA AGT CAG HA HG GAT GGA 1443 
He Glu Val Gin Lys Gin Glu Glu Pro Pro Ser Gin Leu Leu Asp Gly 
460 465 470 475 

GAC AGC AGC AAG CCA AAT GAC ATC TAAATCTATA AAHAAGAAT ATTCGCCATT 1497 
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Asp Ser Ser Lys Pro Asn Asp He 
480 

HAATGCACA AAAATAATAG CACTGCAAAT 
HGCAGAATT HCAAGATAA AGTTGCHAT 
TCTTTGCAGG AATGAAHTT CCTCCAAAAA 
GHGGGATCA AGCTATTGGT AGTCAAGHA 
GTGmGTTG GGTTAAGTGG CTTTGnCAT 
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nGGTinCT GGATGCAAH CATCATGTTT 1557 
TCTTGACTGG ATTGATCATG GATHAAGTC 1617 
AAGAAACTGC ATAAAACCTA GTTTTGnGT 1677 
GAAAGHTAA GCTGCAGITT CTAATTGrTT 1737 
CAGAAAAAAA A 1778 



E^J#-t : 4 
mn(D^^ : 484 

mm 

Met Asp Asn Asn He Ser Cys Glu Met Lys Val Glu Thr Gly Asp Ala 

15 10 15 

Gly Tyr Val Leu Glu Asp Val Pro His He Thr Asp Tyr He Pro Asn 

20 25 30 

Leu Pro Thr Tyr Pro Asn Pro Leu Arg Ser Asn Pro Ala Tyr Ser Val 

35 40 45 

Val Lys Gin Tyr Phe Val Asp Ala Asp Asp Thr Val Pro Gin Lys Val 

50 55 60 

Val Val His Lys Asp Gly Pro Arg Gly He His Phe Arg Arg Ala Gly 
65 70 75 80 

Pro Arg Gin Arg Val Tyr Phe Ala Pro Asp Glu Val His Ala Ala He 

85 90 95 

Val Thr Cys Gly Gly Leu Cys Pro Gly Leu Asn Thr Val He Arg Glu 

100 105 110 

He Val Cys Ala Leu Tyr His Met Tyr Gly Val Thr Lys Val Leu Gly 

115 120 125 

He Asp Gly Gly Tyr Arg Gly Phe Tyr Ser Lys Asn Thr He Thr Leu 
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130 



135 



140 



Thr Pro Lys Val Val Asn Asp He His Lys Arg Gly Gly Thr He He 
145 150 155 160 

Gly Thr Ser Arg Gly Gly His Asp Lys Pro Lys He Val Asp Ser He 

165 170 175 

Gin Asp Arg Gly He Asn Gin Val Tyr He He Gly Gly Asp Gly Thr 

180 185 190 

Gin Lys Gly Ala Ala Val He Tyr Gin Glu Val Arg Arg Arg Gly Leu 

195 200 205 

Lys Ala Val Val Ala Gly He Pro Lys Thr He Asp Asn Asp He Pro 

210 215 220 

Val He Asp Lys Ser Phe Gly Phe Asp Thr Ala Val Glu Glu Ala Gin 
225 230 235 240 

Arg Ala He Asn Ala Ala His Val Glu Ala Glu Ser Ala Glu Asn Gly 

245 250 255 

He Gly Val Val Lys Leu Met Gly Arg Tyr Ser Gly Phe He Ala Met 

260 265 270 

Tyr Ala Thr Leu Ala Ser Arg Asp Val Asp Leu Cys Leu He Pro Glu 

275 280 285 

Ser Pro Phe Tyr Leu Glu Gly Glu Gly Gly Leu Leu Glu Tyr Val Glu 

290 295 300 

Lys Arg Leu Lys Asp Asp Gly His Met Val He Val Val Ala Glu Gly 
305 310 315 320 

Ala Gly Gin Glu Leu Leu Ala Ala Glu Asn Leu Lys Thr Ser Thr Ala 

325 330 335 

Lys Asp Ala Ser Gly Asn Lys Leu Leu His Asp Val Gly Leu Trp He 



Ser Asp Lys He Lys Ala His Phe Ala Lys He Pro Pro Met Pro He 



340 



345 



350 



355 



360 



365 
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Thr Leu Lys Tyr He Asp Pro Thr Tyr Met He Arg Ala Val Pro Ser 

370 375 380 

Asn Ala Ser Asp Asn Val Tyr Cys Thr Leu Leu Ala Gin Ser Cys Val 
385 390 395 400 

His Gly Val Met Ala Gly Tyr Thr Gly Phe Thr Ser Gly Leu Val Asn 

405 410 415 

Gly Arg Gin Thr Tyr He Pro Phe Asn Arg He Thr Glu Lys Gin Asn 

420 425 430 

Asn Val Val He Thr Asp Arg Met Trp Ala Arg Leu Leu Ser Ser Thr 

435 440 445 

Asn Gin Pro Ser Phe Leu Arg Pro Gin Asp Val He Glu Val Gin Lys 

450 455 460 

Gin Glu Glu Pro Pro Ser Gin Leu Leu Asp Gly Asp Ser Ser Lys Pro 
485 470 475 480 

Asn Asp He 

E^J#-t : 5 

: 1623 

mom : ~:^m 

SB^J©aS : cDNA to mRNA 

: ;i- U ■^f-l^x ^ ^< (Oryza sativa L. ) 

s^m^ : MO^ 

v^rfy U : ;^;UXniRNAfi^AZAP E c DNA^^T^^ U - 
^ D - >ig : pPFK-OSl 
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TG GTA GTC GCA CAC ATG CGG CAC GTC CTC GAT CTA CCG ACA TAC TCA AAT 50 
Val Val Ala His Met Arg His Val Leu Asp Leu Pro Thr Tyr Ser Asn 
15 10 15 

CCA CTG CAA GAT AAC CCG GCA TAC TCG GTT GTG AAG CAA TAC TTT GTA 98 
Pro Leu Gin Asp Asn Pro Ala Tyr Ser Val Val Lys Gin Tyr Phe Val 

20 25 30 

AAC CCA GAT GAC ACT GTC TGC CAG AAG GCC AH GTT CAC AAG GAT GGC 146 
Asn Pro Asp Asp Thr Val Cys Gin Lys Ala He Val His Lys Asp Gly 

35 40 45 

CCT AGA GGC AAC CAC TO CGT CGT GCT GGG CCT CGA CAG AGG GTG TH 194 
Pro Arg Gly Asn His Phe Arg Arg Ala Gly Pro Arg Gin Arg Val Phe 

50 55 60 

m GAA TCG GAT GAG GTC CAT GCA TGC ATT GTC ACA TGT GGA GGA CTG 242 
Phe Glu Ser Asp Glu Val His Ala Cys lie Val Thr Cys Gly Gly Leu 
65 70 75 80 

TGC CCT GGA CTG AAC ACT GTC ATT AGG GAA AH GH TGT GGC CTA AAT 290 
Cys Pro Gly Leu Asn Thr Val He Arg Glu He Val Cys Gly Leu Asn 

85 90 95 

GAC ATG TAT GGT GTC AGT AGG GTA CH GGA AH CAG GGT GGG TAT AGA 338 
Asp Met Tyr Gly Val Ser Arg Val Leu Gly He Gin Gly Gly Tyr Arg 

100 105 110 

GGT TO TAT GCT TGT AAC ACC ATT GAC TTG AGT CCA AAG AGT GTA AAC 386 
Gly Phe Tyr Ala Cys Asn Thr He Asp Leu Ser Pro Lys Ser Val Asn 

115 120 125 

GAC AAT CAC AAA AGG GGT GGA AQ GH CTT GGG ACA TCA CGT GGA GGC 434 
Asp He His Lys Arg Gly Gly Thr Val Leu Gly Thr Ser Arg Gly Gly 

130 135 140 

CAT GAC ACC ATG AAG ATT GH GAC AGC ATC CAG GAT CGT GGT ATA AAT 482 
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His Asp Thr Met Lys He Val Asp Ser He Cln Asp Arg Gly He Asn 
145 150 155 160 

CAG Cn TAT GTA ATT GGT GGT GAT GGT ACT CAA AGG GGT GCA GGA GTG 530 
Gin Val Tyr Val He Gly Gly Asp Gly Thr Gin Arg Gly Ala Gly Val 

165 170 175 

ATT rrr GAA gag ah AGA AGA CGT GGT CTC AAG GH GCT GTT GCT GGC 578 
He Phe Glu Glu He Arg Arg Arg Gly Leu Lys Val Ala Val Ala Gly 

180 185 190 

AH CCA AAG ACG AH GAT AAT GAT ATA CCA GTA ATT GAC AGA TCA TTT 626 
He Pro Lys Thr He Asp Asn Asp He Pro Val He Asp Arg Ser Phe 

195 200 205 

GGT nC GAC ACT GCA GTT GAG GAG GCC CAA CGT GCA ATA AAT GCT GCT 674 
Gly Phe Asp Thr Ala Val Glu Glu Ala Gin Arg Ala He Asn Ala Ala 

210 215 220 

CAT GTA GAA GCT GGA AGC GCC GAG AAT GGT ATA GGC CTC GTA AAG CTA 722 
His Val Glu Ala Gly Ser Ala Glu Asn Gly He Gly Leu Val Lys Leu 
225 230 235 240 

ATG GGT CGA CAC ACT GGT Tn AH GCA CAC TAT GCT ACT CTA GCC AGC 770 
Met Gly Arg His Ser Gly Phe He Ala His Tyr Ala Thr Leu Ala Ser 

245 250 255 

AGA GAC GTG GAT TCT TGT TTG AH CCA GAG TCA CCT HC TAT CTG GAA 818 
Arg Asp Val Asp Cys Cys Leu He Pro Glu Ser Pro Phe Tyr Leu Glu 

260 265 270 

GGT GAA GGT GGC Cn TTT AGA TAT HG GAA AAG CCT CTG AAG GAG AAT 866 
Gly Glu Gly Gly Leu Phe Arg Tyr Leu Glu Lys Arg Leu Lys Glu Asn 

275 280 285 

GGT CAT ATG GTT ATC GH GH GCG GAG GGT GCA GGG CAG AAA CTT ATT 914 
Gly His Met Val He Val Val Ala Glu Gly Ala Gly Gin Lys Leu He 
290 295 300 
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AAT GAA ACA AAG GAA TCA ATG GGG AAA GAT GCT TCA GGC AAT TCG ATT 962 
Asn Glu Thr Lys Glu Ser Met Gly Lys Asp Ala Ser Gly Asn Ser He 
305 310 315 320 

CTT Cn GAT GTT GGT CTT TGG TTA TCT CAA AAG ATA AAA GAG CAT TTC 1010 
Leu Leu Asp Val Gly Leu Trp Leu Ser Gin Lys lie Lys Glu His Phe 

325 330 335 

AAG AAA ATC AAG ACT ACT ATA AAT CTC AAG TAT ATA GAT CCT ACA TAC 1058 
Lys Lys He Lys Thr Thr He Asn Leu Lys Tyr He Asp Pro Thr Tyr 

340 345 350 

ATG ATA CGT GCC ATT CCT AGC AAT GCA TCT GAC AAT GTG TAT TGC ACA 1106 
Met He Arg Ala He Pro Ser Asn Ala Ser Asp Asn Val Tyr Cys Thr 

355 360 365 

CTG TTG GCA CAC AGG GTG GH CAT GGA GCC ATG GCT GGA TAC ACT GCT 1154 
Leu Leu Ala His Arg Val Val His Gly Ala Met Ala Gly Tyr Thr GLy 

370 375 380 

nC ACT GTT GGC CAA GTA AAT GGT CGG CAT TGC TAT ATC CCG TTT TAC 1202 
Phe Thr Val Gly Gin Val Asn Gly Arg His Cys Tyr He Pro Phe Tyr 
385 400 405 410 

AGG ATC ACA GAG AAG CAG AAC AAA GH TCA ATT ACT GAT AGG ATG TGG 1250 
Arg He Thr Glu Lys Gin Asn Lys Val Ser He Thr Asp Arg Met Trp 

415 420 425 

GCA AGA Cn CTC TCC TCA ACC AAC CAG CCA AGT TTC CTC AGC AAG AAA 1298 
Ala Arg Leu Leu Ser Ser Thr Asn Gin Pro Ser Phe Leu Ser Lys Lys 

430 435 440 

GAT GTG GAG GAC GCA AAG ATG GAA GAA GAG AGA GCA TCC AAG TTT TTC 1346 
Asp Val Glu Asp Ala Lys Met Glu Glu Glu Arg Ala Ser Lys Phe Phe 

445 450 455 

GAT GGC CCG CCT CCC AAC CCC AAG GTT GAA GAC AAA GTC GCT TCC AAT 1394 
Asp Gly Pro Pro Pro Asn Pro Lys Val Glu Asp Lys Val Ala Ser Asn 
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460 465 470 

GGC AAG GCT GTG AAG TGAGGCAGAA GGCTACTGAT CTATTATGTGC ACATGCATTA 1449 
Gly Lys Ala Val Lys 
475 

ATTAmCTC AATAATGTCA GTAATCTATC TATGGCTAGT GAGATGGAn AGTAAATAAT 1509 
AHAGTATAT CTATGGCAAG TGATGCTCAG CTCTTCCTGT CCAAAHAAA ATGCCGAGAA 1569 
TAGATCTCCT QAGCAGGH ATCGTCAHA TAmAAAAA AAAAAAAAAA AAAA 1623 



E3^i#-t : 6 
BW^^ : 479 

mm 

Val Val Ala His Met Arg His Val Leu Asp Leu Pro Thr Tyr Ser Asn 

1 5 . 10 15 

Pro Leu Gin Asp Asn Pro Ala Tyr Ser Val Val Lys Gin Tyr Phe Val 

20 25 30 

Asn Pro Asp Asp Thr Val Cys Gin Lys Ala He Val His Lys Asp Gly 

35 40 45 

Pro Arg Gly Asn His Phe Arg Arg Ala Gly Pro Arg Gin Arg Val Phe 

50 55 60 

Phe Glu Ser Asp Glu Val His Ala Cys He Val Thr Cys Gly Gly Leu 
65 70 75 80 

Cys Pro Gly Leu Asn Thr Val He Arg Glu He Val Cys Gly Leu Asn 

85 90 95 

Asp Met Tyr Gly Val Ser Arg Val Leu Gly He Gin Gly Gly Tyr Arg 

100 105 110 

Gly Phe Tyr Ala Cys Asn Thr He Asp Leu Ser Pro Lys Ser Val Asn 

115 120 125 

Asp He His Lys Arg Gly Gly Thr Val Leu Gly Thr Ser Arg Gly Gly 
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130 135 140 

His Asp Thr Met Lys He Val Asp Ser He Gin Asp Arg Gly He Asn 
145 150 155 160 

Gin Val Tyr Val He Gly Gly Asp Gly Thr Gin Arg Gly Ala Gly Val 

165 170 175 

He Phe Glu Glu He Arg Arg Arg Gly Leu Lys Val Ala Val Ala Gly 

180 185 190 

He Pro Lys Thr He Asp Asn Asp He Pro Val He Asp Arg Ser Phe 

195 200 205 

Gly Phe Asp Thr Ala Val Glu Glu Ala Gin Arg Ala He Asn Ala Ala 

210 215 220 

His Val Glu Ala Gly Ser Ala Glu Asn Gly He Gly Leu Val Lys Leu 
225 230 235 240 

Met Gly Arg His Ser Gly Phe He Ala His Tyr Ala Thr Leu Ala Ser 

245 250 255 

Arg Asp Val Asp Cys Cys Leu He Pro Glu Ser Pro Phe Tyr Leu Glu 

260 265 270 

Gly Glu Gly Gly Leu Phe Arg Tyr Leu Glu Lys Arg Leu Lys Glu Asn 

275 280 285 

Gly His Met Val He Val Val Ala Glu Gly Ala Gly Gin Lys Leu He 

290 295 300 

Asn Glu Thr Lys Glu Ser Met Gly Lys Asp Ala Ser Gly Asn Ser He 
305 310 315 320 

Leu Leu Asp Val Gly Leu Trp Leu Ser Gin Lys He Lys Glu His Phe 

325 330 335 

Lys Lys He Lys Thr Thr He Asn Leu Lys Tyr He Asp Pro Thr Tyr 

340 345 350 

Met He Arg Ala He Pro Ser Asn Ala Ser Asp Asn Val Tyr Cys Thr 
355 360 365 
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Leu Leu Ala His Arg Val Val His 

370 375 
Phe Thr Val Gly Gin Val Asn Gly 
385 400 
Arg He Thr Glu Lys Gin Asn Lys 
415 

Ala Arg Leu Leu Ser Ser Thr Asn 
430 

Asp Val Glu Asp Ala Lys Met Glu 
445 450 
Asp Gly Pro Pro Pro Asn Pro Lys 

460 465 
Gly Lys Ala Val Lys 
475 

mmn : 7 

mnom^ : 2048 

^.^lomM : cDNA to mRNA 

'.'J-^-(X (Zea mays L ) 

7-f7'7V-jg : ^>'UXiRNAS3feAgtlOcDNA7^7'7U- 
^ D - >^ : pPFK-ZMl 

- m\ 

CGAACCCGAA CCCTCCAAGC CGGCAGGCCG GAGCAGAGCG CGCTCCAAGC TGAATCCCCC 60 
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Gly Ala Met Ala Gly Tyr Thr GLy 
380 

Arg His Cys Tyr He Pro Phe Tyr 
405 410 
Val Ser He Thr Asp Arg Met Trp 

420 425 
Gin Pro Ser Phe Leu Ser Lys Lys 
435 440 
Glu Glu Arg Ala Ser Lys Phe Phe 
455 

Val Glu Asp Lys Val Ala Ser Asn 
470 
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CATCTCCTAT CGCCGTCGAA AGCCGCAGGT CCAHATAAC TTHTATGAC CTTGTCTGGG 120 
ATG GCT Cn GCT TIC AAA GCA ACT ACA AGT TCT GTC ACA CAC CAA CAT 168 
Met Ala Val Ala Phe Lys Ala Ser Thr Ser Ser Val Thr Gin Gin His 

15 10 15 

TGG TCA AGT CCA ACA AAG GAC CAG TGT CAA TAT GGT TTC ACT CAT HA 216 
Trp Ser Ser Pro Thr Lys Asp Gin Cys Gin Tyr Gly Phe Thr His Leu 

20 25 30 

AGC AGG CAA AAG TGC AGA AAA AGA GCA CTG TGT GTG ACA GCT ATA TCA 264 
Ser Arg Gin Lys Cys Arg Lys Arg Ala Leu Cys Val Thr Ala lie Ser 

35 40 45 

GGG AAG CTA GAC CTA GAT TTC ACT GAT CCT TCT TGG AAC CAA AAG TAC 312 
Gly Lys Leu Asp Leu Asp Phe Thr Asp Pro Ser Trp Asn Gin Lys Tyr 

50 55 60 

CAG GAA GAC TGG AAC AGG CGT TH AGT HG CCA CAT ATT AAT GAT ATA 360 
Gin Glu Asp Trp Asn Arg Arg Phe Ser Leu Pro His He Asn Asp lie 
65 70 75 80 

TAT GAT TTG GAA CCA AGA AGA ACT ACA HC TCT TTG AAG AAA AAC AGA 408 
Tyr Asp Leu Glu Pro Arg Arg Thr Thr Phe Ser Leu Lys Lys Asn Arg 

85 90 95 

ATT CCC CTG GGT GAT GGT GAT GGC TCA TCA ACT GAT ATG TGG AAC GGT 456 
He Pro Leu Gly Asp Gly Asp Gly Ser Ser Thr Asp Met Trp Asn Gly 

100 105 110 

TAT CTA AAT AAG AAT GAT AGA GCC CTT TIG AAG GTG ATA AAG TAT GCA 504 
Tyr Val Asn Lys Asn Asp Arg Ala Leu Leu Lys Val He Lys Tyr Ala 

115 120 125 

TCT CCT ACT TCT GCT GGA GCT GAG TGC ATT GAT CCT GAT TGT AGC TGG 552 
Ser Pro Thr Ser Ala Gly Ala Glu Cys He Asp Pro Asp Cys Ser Trp 

130 135 140 

CTG GAA CAC TGG GTT CAT CGT GCA GGT CCT CGT AAC GAG ATA TAT TAC 600 
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Val Glu His Trp Yal His Arg Ala Gly Pro Arg Lys Glu He Tyr Tys 
145 150 155 160 

GAA CCT GAA GAA GTA AAG OCT GCC ATT GTT ACC TOT GGA GGG CTC TGT 648 
Glu Pro Glu Glu Val Lys Ala Ala He Val Thr Cys Gly Gly Leu Cys 

165 170 175 

CCT GGT CTA AAT GAT GTC ATT AGG CAG ATA GTA TH ACT HG GAG ACT 696 
Pro Gly Leu Asn Asp Val He Arg Gin He Val Phe Thr Leu Glu Thr 

180 185 190 

TAT GGG GTG AAG AAT ATT GTT GGA ATC CCA HT GGT TAT CGT GGA TTT 744 
Tyr Gly Val Lys Asn He Val Gly He Pro Phe Gly Tyr Arg Gly Phe 

195 200 205 

m GAG AAA GGC TTA AAA GAA ATG CCG CTC TCG CGT GAC GTG GTG GAA 792 
Phe Glu Lys Gly Leu Lys Glu Met Pro Leu Ser Arg Asp Val Val Glu 

210 215 220 

AAC ATA AAT CTT TCT GGA GGA ACT TTC CTA GGA GTC TCT CGT GGA GGA 840 
Asn He Asn Leu Ser Gly Gly Ser Phe Leu Gly Val Ser Arg Gly Gly 
225 230 235 240 

GCT AAA ACT AGT GAG AH GTA GAT AGC ATA CAA GCC AGA AGA ATT GAC 888 
Ala Lys Thr Ser Glu He Val Asp Ser He Gin Ala Arg Arg He Asp 

245 250 255 

ATG CTA m CTA ATT GGT GGA AAT GGT AGC CAT GCA GGA GCT AAT GCT 936 
Met Uu Phe Val He Gly Gly Asn Gly Ser His Ala Gly Ala Asn Ala 

260 265 270 

ATT CAT GAG GAG TGT CGA AAG AGA AAA CTG AAA GTT TCA GH GTA GCA 984 
He His Glu Glu Cys Arg Lys Arg Lys Leu Lys Val Ser Val Val Ala 

275 280 285 

GTC CCA AAG ACA ATT GAT AAT GAT ATA CH HT ATG GAT AAG ACG TTT 1032 
Val Pro Lys Thr He Asp Asn Asp He Leu Phe Met Asp Lys Thr Phe 
290 295 300 
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GGT m GAT ACA GCT GTA GAG AAA GCT CAG CGT GCT ATC AAT TCT GCC 1080 

Gly Phe Asp Thr Ala Val Glu Lys Ala Gin Arg Ala He Asn Ser Ala 
305 310 315 320 
TAT ATA GAG GCA CGT AGT GCA TAG CAC GGA ATT GGC TTA GTA AAA TTA 1128 

Tyr He Glu Ala Arg Ser Ala Tyr His Gly He Gly Leu Val Lys Leu 

325 330 335 

ATG GGA AGA AGT AGT GGA TTC ATA GCC ATG CAT GCT TCT CH TCC AGT 1176 

Met Gly Arg Ser Ser Gly Phe He Ala Met His Ala Ser Leu Ser Ser 

340 345 350 

GGA CAG AH GAT GH TGC CTG ATA CCT GAG GTA TCC TTC ACA CTT GAT 1224 

Gly Gin He Asp Val Cys Leu He Pro Glu Val Ser Phe Thr Leu Asp 

355 360 365 

GGA GAA CAT GGT GTC TTG CGA CAC CTT GAG CAT TTA CTT AAT ACA AAG 1272 

Gly Glu His Gly Val Leu Arg His Leu Glu His Leu Leu Asn Thr Lys 

370 375 380 

GGA m TGT GTG GH TGT GTT GCT GAA GGT GCA GGG CAG GAT TTA CTC 1320 

Gly Phe Cys Val Val Cys Val Ala Glu Gly Ala Gly Gin Asp Leu Leu 
385 390 395 400 
CAA AAA TCA AAT GCA ACT GAC GCT TCA GGA AAT GTG ATA CTT AGT GAC 1368 

Gin Lys Ser Asn Ala Thr Asp Ala Ser Gly Asn Val He Leu Ser Asp 

405 410 415 

TTT GGT GTC CAC ATG CAG CAG AAG ATC AAG AAG CAT TTC AAG GAC ATC 1416 

Phe Gly Val His Met Gin Gin Lys He Lys Lys His Phe Lys Asp He 

420 425 430 

GGT GTT CCC GCT GAT CTA AAA TAC ATT GAT CCA ACA TAT ATG GTT CGG 1464 

Gly Val Pro Ala Asp Leu Lys Tyr He Asp Pro Thr Tyr Met Val Arg 

435 440 445 

GCC TGC CGG GCA AAT GCA TCT GAT GCT ATT CTC TGC ACC GTA CTT GGG 1512 

Ala Cys Arg Ala Asn Ala Ser Asp Ala He Leu Cys Thr Val Leu Gly 
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450 455 460 

CAA AAT GCT GTC CAT GGA GCA TH GCT GGG TTC AGT GGC ATC ACG TCA 1560 
Gin Asn Ala Val His Gly Ala Phe Ala Gly Phe Ser Gly He Thr Ser 
465 470 475 480 

GGT QTt TGC AAC ACA CAT TAT GTC TAC CTT CCC ATC ACA GAG GTC ATT 1608 
Gly Val Cys Asn Thr His Tyr Val Tyr Leu Pro He Thr Glu Val lie 

485 490 495 

ACA ACA CCA AAG CAC GTC AAC CCC AAC AGC AGA ATG TGG CAC CGC TGC 1656 
Thr Thr Pro Lys Bis Val Asn Pro Asn Ser Arg Met Trp His Arg Cys 

500 505 510 

CTC ACA TCC ACT GGC CAG CCA GAC HC CAT TGACTACTTC AHAACACCT 1706 
Leu Thr Ser Thr Gly Gin Pro Asp Phe His 

515 520 
GAGAGCAAGG CGCCAGGAGA ATATTTAATC CCACAAGGGA CTGCTAACAG GAACTTGAAT 1766 
AAATCTCGCT AACCCAAAAT THGTCAGGC TGGAGGAGCT CATAACGAAA TTGCCAGAGC 1826 
CACCCCCTGG TCATCCAGAC GHGTAAGCA TGCATACCCT TTCTAGTGGT TTGCAATCCC 1886 
AAGTGAAAH AAAAGTTAGG AGTTGTTTGT TCTCCAAACA ATTCACCATA ATCCCACCAG 1946 
CACCAAACTG GCTCCAGCCT TGTCAGATGT THATTGATG ATGTACTATG CATAATAGGC 2006 
AAHGGATAT TCTTACTGGG AAAAAAAAAA AAAAAAAAAA AA 2048 

mnm^ : 8 

mn(0^^ : 522 

UncoMM -.rum 

Met Ala Val Ala Phe Lys Ala Ser Thr Ser Ser Val Thr Gin Gin His 

15 10 15 

Trp Ser Ser Pro Thr Lys Asp Gin Cys Gin Tyr Gly Phe Thr. His Leu 

20 25 30 

Ser Arg Gin Lys Cys Arg Lys Arg Ala Leu Cys Val Thr Ala lie Ser 
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35 40 45 

Gly Lys Leu Asp Leu Asp Phe Thr Asp Pro Ser Trp Asn Gin Lys Tyr 

50 55 60 

Gin Glu Asp Trp Asn Arg Arg Phe Ser Leu Pro His lie Asn Asp He 
65 70 75 80 

Tyr Asp Leu Glu Pro Arg Arg Thr Thr Phe Ser Leu Lys Lys Asn Arg 

85 90 95 

He Pro Leu Gly Asp Gly Asp Gly Ser Ser Thr Asp Met Trp Asn Gly 

100 105 110 

Tyr Val Asn Lys Asn Asp Arg Ala Leu Leu Lys Val He Lys Tyr Ala 

115 120 125 

Ser Pro Thr Ser Ala Gly Ala Glu Cys He Asp Pro Asp Cys Ser Trp 

130 135 140 

Val Glu His Trp Val His Arg Ala Gly Pro Arg Lys Glu He Tyr Tys 
145 150 155 160 

Glu Pro Glu Glu Val Lys Ala Ala He Val Thr Cys Gly Gly Leu Cys 

165 170 175 

Pro Gly Leu Asn Asp Val He Arg Gin He Val Phe Thr Leu Glu Thr 

180 185 190 

Tyr Gly Val Lys Asn He Val Gly He Pro Phe Gly Tyr Arg Gly Phe 

195 200 205 

Phe Glu Lys Gly Leu Lys Glu Met Pro Leu Ser Arg Asp Val Val Glu 

210 215 220 

Asn He Asn Leu Ser Gly Gly Ser Phe Leu Gly Val Ser Arg Gly Gly 
225 230 235 240 

Ala Lys Thr Ser Glu He Val Asp Ser He Gin Ala Arg Arg He Asp 
245 250 255 

- Met Leu Phe Val He Gly Gly Asn Gly Ser His Ala Gly Ala Asn Ala 
260 265 270 
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He His Glu Glu Cys Arg Lys Arg Lys Leu Lys Val Ser Val Val Ala 

275 280 285 

Val Pro Lys Thr He Asp Asn Asp He Leu Phe Met Asp Lys Thr Phe 

290 295 300 

Gly Phe Asp Thr Ala Val Glu Lys Ala Gin Arg Ala He Asn Ser Ala 
305 310 315 320 

Tyr He Glu Ala Arg Ser Ala Tyr His Gly He Gly Leu Val Lys Leu 

325 330 335 

Met Gly Arg Ser Ser Gly Phe He Ala Met His Ala Ser Leu Ser Ser 

340 345 350 

Gly Gin He Asp Val Cys Leu He Pro Glu Val Ser Phe Thr Leu Asp 

355 360 365 

Gly Giu His Gly Val Leu Arg His Leu Glu His Leu Leu Asn Thr Lys 

370 375 380 

Gly Phe Cys Val Val Cys Val Ala Glu Gly Ala Gly Gin Asp Leu Leu 
385 390 395 400 

Gin Lys Ser Asn Ala Thr Asp Ala Ser Gly Asn Val He Leu Ser Asp 

405 410 415 

Phe Gly Val His Met Gin Gin Lys He Lys Lys His Phe Lys Asp He 

420 425 430 

Gly Val Pro Ala Asp Leu Lys Tyr He Asp Pro Thr Tyr Met Val Arg 

435 440 445 

Ala Cys Arg Ala Asn Ala Ser Asp Ala He Leu Cys Thr Val Leu Gly 

450 455 460 

Gin Asn Ala Val His Gly Ala Phe Ala Gly Phe Ser Gly He Thr Ser 
465 470 475 480 

Gly Val Cys Asn Thr His Tyr Val Tyr Leu Pro He Thr Glu Val He 

485 490 495 

Thr Thr Pro Lys His Val Asn Pro Asn Ser Arg Met Trp His Arg Cys 
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500 505 510 

Leu Thr Ser Thr Gly Gin Pro Asp Phe His 
515 520 



umm : 9 
mmom^ 1558 
w.m(Dm : mm 

mm : 

MMomM : cDNA to mRNA 

: 7 7 ri'T^-^y- ^^<7^ (Raphanus sativus L. ) 

m.omm. m 

^'TT'vy-ig :it^RNA ^^XZh? n c DNA^'f U - 
pPFK-RSl 

TCT GH GTT AAG CAG TAC TTC GH GAT GAG GAT GAC ACG GH CCT CAG 48 
Ser Val Val Lys Gin Tyr Phe Val Asp Glu Asp Asp Thr Val Pro Gin 

15 10 15 

AAG ATC GH GH CAT CCT GAT AGT CCA AGA GGA ACA CAT TTC CGC AGA 96 
Lys He Val Val His Pro Asp Ser Pro Arg Gly Thr His Phe Arg Arg 

20 25 30 

GCA GGA CCA CGT CAA AGG GTT TAC Tn CAT TCG GAT GAT GTT GTT GCG 144 
Ala Gly Pro Arg Gin Arg Val Tyr Phe Asp Ser Asp Asp Val Val Ala 

35 40 45 

TGC AH on ACA TGT GGT GGC TTG TGT CCA GGG CH AAT ACT GTC ATC 192 
Cys He Val Thr Cys Gly Gly Leu Cyc Pro Gly Leu Asn Thr Val He 
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500 505 510 

Leu Thr Ser Thr Gly Gin Pro Asp Phe His 
515 520 



mmm : 9 

mn<0^^ : 1558 

umom : mm 
mom : r.:^m 

E^J©®® : cDNA to mRNA 

• v"? r i'T.-^'r 'i ^<7. (Raphanus sativus L. ) 

y^-f"? U : i^HRNA S^^AZAP H cDNA^^T'^ U - 
i7 D - >ig : pPFK-RSl 

TCT GTT GTT AAG CAG TAC TTC GH GAT GAG GAT GAC ACG GH CCT CAG 48 
Ser Val Val Lys Gin Tyr Phe Val Asp Glu Asp Asp Thr Val Pro Gin 

15 10 15 

AAG ATC GTT GH CAT CCT GAT AGT CCA AGA GGA ACA CAT TTC CGC AGA 96 
Lys He Val Val His Pro Asp Ser Pro Arg Gly Thr His Phe Arg Arg 

20 25 30 

GCA GGA CCA CGT CAA AGG GTT TAC TTT GAT TCG GAT GAT GTT GH GCG 144 
Ala Gly Pro Arg Gin Arg Val Tyr Phe Asp Ser Asp Asp Val Val Ala 

35 40 45 

TGC ATT GTT ACA TGT GGT GGC TTG TGT CCA GGG CTT AAT ACT GTC ATC 192 
Cys lie Val Thr Cys Gly Gly Leu Cyc Pro Gly Leu Asn Thr Val He 



wo 95/05457 PCT/JP94/013S2 

59 

50 55 ' 60 

AGA GAA ATC GTT TGT GGA TTG TCT TAG ATG TAT GGT GTC AAG AAA ATC 240 
Arg Glu He Val Cys Gly Leu Ser Tyr Met Tyr Gly Val Lys Lys He 
65 70 75 

CTT GGC ATT GAG GGA GGT TAG AGA GGC TTC TAG GCT A6G AAC ACG ATC 288 
Leu Gly He Glu Gly Gly Tyr Arg Gly Phe Tyr Ala Arg Asn Thr He 

80 85 90 

GAT TTG GAT TTG AAA ACA GTG AAT GAT ATT CAT AAA CGT GGA GGA ACC 336 
Asp Leu Asp Leu Lys Thr Val Asn Asp He His Lys Arg Gly Gly Thr 

95 100 105 

ATC CTC GGG ACT TCA AGA GGT GGT CAC GAC ACT ACT AAG ATA GH GAT 384 
He Leu Gly Thr Ser Arg Gly Gly His Asp Thr Thr Lys He Val Asp 

110 115 120 

ACT ATT CAA GAT CGT GGG ATT AAC CAG GTT TAT ATA ATC GGT GGA GAT 432 
Ser He Gin Asp Arg Gly He Asn Glh Val Tyr He He Gly Gly Asp 

125 130 135 

GGA TCA CAG AAA GGA GCA GCT GH ATA TIC GAG GAG ATT AGG AGA CGT 480 
Gly Ser Gin Lys Gly Ala Ala Val He Phe Glu Glu He Arg Arg Arg 
140 145 150 155 

GGA CTC AAA GTT GCT GTT GCA GGG ATC CCC AAA ACA ATC GAC AAT GAC 528 
Gly Leu Lys Val Ala Val Ala Gly He Pro Lys Thr He Asp Asn Asp 

160 165 170 

ATT CCT ATT ATC GAT AGA TCG TTC GGG TH GAC ACA GCT GTA GAA GAG 576 
He Pro He He Asp Arg Ser Phe Gly Phe Asp Thr Ala Val Glu Glu 

175 180 185 

GCT CAA CGT GCT ATC AAC GCA GCT CAT GTG GAA GCT ACA AGT HT GAG 624 
Ala Gin Arg Ala He Asn Ala Ala His Val Glu Ala Thr Ser Phe Glu 

190 195 200 

AAT GGT AH GGT CTT GTC AAG HA ATG GGA CGT TAT AGT GGA TTC ATT 672 
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Asn Gly He Gly Leu Val Lys Leu Met Gly Arg Tyr Ser Gly Phe He 

205 210 215 

GCG ATG TAT GCA ACA CTA GCC AGC AGA GAC GTG GAC TGC TGC TTG ATC 720 
Ala Met Tyr Ala Thr Leu Ala Ser Arg Asp Val Asp Cys Cys Leu He 
220 225 230 235 

CCG GAA TCT CCA TH TTT CH GAA GGC AAA GGC GGT CTT HC GAG TTT 768 
Pro Glu Ser Pro Phe Phe Leu Glu Gly Lys Gly Gly Leu Phe Glu Phe 

240 245 250 

ATC GGT AAA CGG CTA AAG GAG ATT GGT CAC ATG GTG AH GTG ATA GCA 816 
He Gly Lys Arg Leu Lys Glu He Gly His Met Val He Val He Ala 

255 260 265 

GAA GGT GCT GGA CAA GAT CTG TTG GCT GAA AGC AAT GAA CAG TCC ACA 864 
Glu Gly Ala Gly Gin Asp Leu Leu Ala Glu Ser Asn Glu Gin Ser Thr 

270 275 280 

ACC CTC AAA GAT GCA TCT GGG AAC AAA CTT CTA CAA GAC GTl GGC CTA 912 
Thr Leu Lys Asp Ala Ser Gly Asn Lys Leu Leu Gin Asp Val Gly Leu 

285 290 295 

TGG ATC TCC CAA CGG ATC AAG GAT CAT TH GCC AAG AAG ATG ACC CTA 960 
Trp He Ser Gin Arg He Lys Asp His Phe Ala Lys Lys Met Thr Leu 
300 305 310 315 

AAC CTG AAA TAC ATA GAT CCA ACC TAC ATG ATA AGG GCT GH CCG AGC 1008 
Asn Leu Lys Tyr He Asp Pro Thr Tyr Met He Arg Ala Val Pro Ser 

320 325 330 

AAT GCA TCA GAC AAT GTA TGC TGC ACG CTG TTA GCT CAA AGC GCG GH 1056 
Asn Ala Ser Asp Asn Val Cys Cys Thr Leu Leu Ala Gin Ser Ala Val 

335 340 345 

CAT GGA GTG ATG GCT GGT TAC AAT GGC TTC ACC GTT GGT CTT GTT AAT 1104 
His Gly Val Met Ala Gly Tyr Asn Gly Phe Thr Val Gly Leu Val Asn 
350 355 360 
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GGC AGA CAT ACT TAC ATT CCC HC TAT AGG ATC ACT GAG AAA CAG AAC 1152 
Gly Arg His Thr Tyr lie Pro Phe Tyr Arg He Thr Glu Lys Gin Asn 

365 370 375 

AAG GTG GTG ATC ACT GAC- AGA ATG TGG GCA AGG CH TIG TCT TCG ACA 1200 
Lys Val Val He Thr Asp Arg Met Trp Ala Arg Leu Leu Ser Ser Thr 
380 385 390 395 

AAC CAG CCT ACT TIC ATG AAG CAC GAT GAT CAC CAC GAG aA AAC CAT 1248 
Asn Gin Pro Ser Phe Met Lys His Asp Asp His His Glu Pro Asn His 

400 405 410 

TCT GGT GGT GAA GCA GGT GCC ATG AAC TGG TGAAACAACT CHGTCTGAC 1298 
Ser Gly Gly Glu Ala Gly Ala Met Asn Trp 

415 420 
AATCATTTTG THGAGAAAG AAAGTAAGCT TTCTTTATTT TGATAGAAGC TTCTCAAAAT 1358 
GTTTTATAAA TCmCHCA AGCAAAAGAG AAAGAGAGAG ATATACATTT CCTCCHGGA 1418 
GAAGHCATA CAGTTATAAT TGTGATAAAT CCATGTATTA AAOTTGGAG AGTGATCHG 1478 
CACTTGCCAA ACTGTAATH ACACTTTTAT AATAACAAAT CTATAAGGAA ATGnTTGGT 1538 
TCAAAAAAAA AAAAAAAAAA 1558 



Se^lJ#^ : 10 
mn(0^^ : 421 

mi 

Ser Val Val Lys Gin Tyr Phe Val Asp Glu Asp Asp Thr Val Pro Gin 

1 5 10 15 

Lys He Val Val His Pro Asp Ser Pro Arg Gly Thr His Phe Arg Arg 

20 25 30 

Ala Gly Pro Arg Gin Arg Val Tyr Phe Asp Ser Asp Asp Val Val Ala 

35 40 45 

Cys He Val Thr Cys Gly Gly Leu Cyc Pro Gly Leu Asn Thr Val He 
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50 55 60 

Arg Glu He Val Cys Gly Leu Ser Tyr Met Tyr Gly Val Lys Lys He 
65 70 75 

Leu Gly He Glu Gly Gly Tyr Arg Gly Phe Tyr Ala Arg Asn Thr He 

80 85 90 

Asp Leu Asp Leu Lys Thr Val Asn Asp He His Lys Arg Gly Gly Thr 

95 100 105 

He Leu Gly Thr Ser Arg Gly Gly His Asp Thr Thr Lys He Val Asp 

110 115 120 

Ser He Gin Asp Arg Gly He Asn Gin Val Tyr He He Gly Gly Asp 

125 130 135 

Gly Ser Gin Lys Gly Ala Ala Val He Phe Glu Glu He Arg Arg Arg 
140 ' 145 150 155 

Gly Leu Lys Val Ala Val Ala Gly He Pro Lys Thr He Asp Asn Asp 

160 165 170 

He Pro He He Asp Arg Ser Phe Gly Phe Asp Thr Ala Val Glu Glu 

175 180 185 

Ala Gin Arg Ala He Asn Ala Ala His Val Glu Ala Thr Ser Phe Glu 

190 195 200 

Asn Gly He Gly Leu Val Lys Leu Met Gly Arg Tyr Ser Gly Phe He 

205 210 215 

Ala Met Tyr Ala Thr Leu Ala Ser Arg Asp Val Asp Cys Cys Leu He 
220 225 230 235 

Pro Glu Ser Pro Phe Phe Leu Glu Gly Lys Gly Gly Leu Phe Glu Phe 

240 245 250 

He Gly Lys Arg Leu Lys Glu He Gly His Met Val He Val He Ala 

255 260 265 

Glu Gly Ala Gly Gin Asp Leu Leu Ala Glu Ser Asn Glu Gin Ser Thr 
270 275 280 
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Thr Leu Lys Asp Ala Ser Gly Asn Lys Leu Leu Gin Asp Val Gly Leu 

285 290 295 

Trp He Ser Gin Arg He Lys Asp His Phe Ala Lys Lys Met Thr Leu 
300 305 310 315 

Asn Leu Lys Tyr He Asp Pro Thr Tyr Met He Arg Ala Val Pro Ser 

320 325 330 

Asn Ala Ser Asp Asn Val Cys Cys Thr Leu Leu Ala Gin Ser Ala Val 

335 340 345 

His Gly Val Met Ala Gly Tyr Asn Gly Phe Thr Val Gly Leu Val Asn 

350 355 360 

Gly Arg His Thr Tyr He Pro Phe Tyr Arg He Thr Glu Lys Gin Asn 

365 370 375 

Lys Val Val He Thr Asp Arg Met Trp Ala Arg Leu Leu Ser Ser Thr 
380 385 390 395 

Asn Gin Pro Ser Phe Met Lys His Asp Asp His His Glu Pro Asn His 

400 405 410 

Ser Gly Gly Glu Ala Gly Ala Met Asn Trp 
415 420 



mm^: 11 

mno^-^: 5 

MM 

Arg Ala Gly Pro Arg 
1 5 



m^m^i 12 

MW^-^: 12 

E^J®S: rum 
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He Val Thr Cys Gly Cly Leu Cys Pro Gly Leu Asn 
1 5 10 

mm^: 13 
@E^J®:g$: 5 

WM 

Gly Tyr Arg Gly Phe 
1 5 

He Val Asp Ser He Gin 
1 5 

E^J#^: 15 

mno^^: 8 

E^JCDS: 7i/^ 

Pro Lys Thr He Asp Asn Asp He 
1 5 

E^J#-t: 16 

mno^-^i 8 

E^jO®: 7i^m 
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Phe Gly Phe Asp Thr Ala Val Glu 
1 5 

mm^: 17 
Eejnj©^^: 6 

mnom-. rum. 

Ala Gin Arg Ala He Asn 
1 5 

18 

E^J©S$: 6 
E^IJOi!: riJWt 

Val Lys Leu Met Gly Arg 
1 5 

@2^j#^: 19 
^no^-^: 5 

E^JoS: rum 

Ser Gly Phe He Ala 
1 5 

Be^J#-t: 20 
SS^J©S$: 6 

Ala Glu Gly Ala Gly Gin 
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21 

, mnoM: 7 urn 

Asp Ala Ser Gly Asn 
1 5 

E^J##: 22 
E^J©:g^: 9 
E^J©M: 7i Jm 

Leu Lys Tyr He Asp Pro Thr Tyr Met 
1 5 

m^mn-. 23 

0e^J©^$: 5 
E^J©i!: 7ijm 
02^J 

Cys Leu He Pro Glu 
1 5 
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n- K-rSDNAo 

2. S-CTOQ 1 0|tA<2. 4J^T-e*>5»fi3i5©A T Pte#7;U^ b -X 6 

3. Ej^m©E^j#^2T'^$ti5 7 ^ ymm.n^=^- Y't6m^misE.mo 

DNAo 
DNAo 

6 . mnmun^^ 3 ^ ti s ig^iE^ij^ w-r 3 Bm<^ D N Ao 

DNAo 

8 . mnmom^m^ 5 -c^ $ n sig^E^y^wt- ^11^^:^ 7 tmo d n Ao 

DNAo 

1 0. mnmomm^7T^^ti6i^mmm^^tm^mQmm(oDNAo 

1 1. E^m©@£jnj#^l OT'^^nST^ yifE^iJ^n-Kf -5il?l?:ilEtg 
©DNAo 

1 2. E^J^©E^iJ#-^9 T'^^n^i^SE3i^iJ^W^Sff*:Sl 1 leife® 
DNAo 

1 3 . E^m©E«-t 1 1 T'^^ T i y ^E3^J^ 3 - K-r -5 D N Ao 

1 4 . E^J^©E3^J#-i- 1 4 T'^$ n -5 T $ y i^E^^J^ a - K-T -5 D N Ao 
1 5. E5^m©E3?iJ#-t 2 1 -e^^n-ST ^ y^E^J^^- K-r -SDNAo 
1 6 . E^m©E^J#^ 2 2 T'^$ 7 ^ y M3^J^ rj - K-rS D N Ao 

17. mn^<owM^^i if£i^^b2 2T^.^n6 7iyfmxii^(D—w^^- 
K-r -5 DNAz^c;E?im©E^j#-ti i'<ji^L2 2v^s-^ti67 1 ^mun^ 
3- K•rsDNA^^tfDNA©l^•rn*^(i:Mf^DNAi:^^^^'7'•J y-rx^-tt 
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18. iS^iJ^©@e2^J#-t 1 iJ^At^LE 2T^$nS7$ y^Xli-eo-laJ^n- 
3- K■r'5DNA^'i•t-DNA©l^•rn*^^PCR0/c^i)©>^7^v-t LTffi 

1 9. 11^:^1 /ii^Ul 2©c>t"n*^i:^icieit©DNA^^^. 

*l%*5(5©ATP^5c#7;U^ h-X6 U h5>X7i5— If^IgS 

2 1. itfie*i«^{i^<U'i''>3T*Sft?^:g2 OEicO^^o 
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